JOURNAL OF APPLIED 


PHYSICS 


(Formerly PHYSICS) 


BOARD OF EDITORS 
E_mer Hutcuisson, 
Editor 
Associate Editors 


R. M. Bozortu 
D. W. Bronk 
W. P. Davey 


DECEMBER, 1938 


O. S. DUFFENDACK 


Vol. 9, No. 12 Saut DusHMan 


In This Issue 


A. Stuart Hunter 
C. H. Kunsman 
J. T. LittLeton 
L. L. NETTLETON 

W. B. NorTrincHam 


Page A. R. Ovpin 
Penetration of Oil Sprays P. Hl. Scuwerrzer 735 Joun T. Tate 
Resumés of Recent Research 742 
Evidence for the Existence of a New Elementary Particle of the 
Enos Wirwer anp Martin A. Pomerantz 716 
American 
Ss Ss 75: 
rofessor Arnold Sommerfeld 75 Institute of Physics 
Contributed Original Research _ 
Evaluation of Yield Value With the Sphere Viscometer 
Joun C. anp Exits Futmer 760 ADMINISTRATIVE 
. AFF 
Clean-Up and Pressure Effects in Low Pressure Mercury ” 

Vapor Discharges: A Reversible Electrical Clean-Up Henry A. Barton, 
of Mercury CarRL KeENtTY 765 Director 
Geiger Counter for Beta-Rays Mapeuine M. Mitcuett, 

A. Brewer ano A. BrRamLey 778 Publications Manager 
On the Symmetry of the Benzene Ring — LENNART Stvons 781 Wiruiam C. Copp, 
Adverlising Manager 
Indexes 
Author 18S GOVERNING BOARD 
Subject 788 


Volume Table of Contents 


In Every Issue 
Here and There 
Some of the New Books 
Among Our Authors 
Innovations In Instruments 
Current Literature of Physics 


Advertising Index 


Joun T. Tate, Chairman 
I Kart T. Compton 
E. C. CritTENDEN 
P. Davey 
Homer L. Dopce 


755 Harvey FLETCHER 
756 Artuur C, Harpy 
pa Vern O. KNUDSEN 
199 Metvin Mooney 
ii Freperic Patmer, Jr. 
= R. L. Peek, Jr. 
GeorceE B. Pecram 
W. B. Rayton 


F. K. Ricutmyer 


WaLLace WATERFALL 


THE JOURNAL OF APPLIED Puysics, published monthly at 
Prince and Lemon Sts., Lancaster, Pa., is devoted to physics in its 
role as the science basic to other natural sciences and to the arts 
and industries. Previous to 1937 this publication was known as 
Puysics. It aims to be of service not only in physical laboratories, 
but also in the laboratories of industrial, chemical, geological, 
geophysical, meteorological, radio, and similar concerns. THE 
JOURNAL OF APPLIED Puysics publishes editorials, news of physi- 
cists and reviews, as well as technical papers of applied physics. 

SUBSCRIPTION PRICE 


U. S., POSS. 

AND CANADA FOREIGN 
To members of scientific societies......... $5.00 $5.70 


Manuscripts should be submitted to Elmer Hutchisson, 
Editor, University of Pittsburgh, Pittsburgh, Pennsylvania. 


Changes of address, proofs, and complaints of failure to re- 
ceive the JOURNAL OF APPLIED Puysics should be addressed to the 
Publications Manager. New copies can be sent free only if notice 
of nondelivery is received within three months of date of issue. 


Subscriptions and orders for back numbers should be addressed 
to Prince and Lemon Streets, Lancaster, Pa. or to the American 
Institute of Physics, 175 Fifth Avenue, New York, N. Y. 


Advertising rates supplied on request. Orders, advertising copy 
and cuts should be sent to the American Institute of Physics. 


Entered as second class matter at the Post Office at Lancaster, Pennsylvania, under the Act of March 3, 1897. 
Accepted for mailing at the special rate of postage provided for in the Act of February 28, 1925, authorized May 2, 1932. 


Copyright 1938, by the American Institute of Physics. 


— 


ics 


‘LL, 


nan 


December, 1938 


COMPLETE, PORTABLE, INDICATOR 


Used with any electrode, this Universal pH Indi- 
cator brings a new degree of convenience to pH 
measurements. It measures directly in pH units 
with electrodes following the Nernst equation and 
measures in voltage with any electrode. 


Outstanding advantages include: temperature 
compensation for either glass or quinhydrone 
electrodes; full accuracy up to 95% relative hu- 
midity; easily accessible batteries ... in a sepa- 
rate compartment which protects electrical circuits 


MEASURING INSTRUMENTS + TELEMETERS - 
Jrl Ad-E96(10) 


AUTOMATIC CONTROLS - 


Please mention this journal when writing to advertisers 


from corrosion; new, small, rugged glass electrode 
which measures even cheeses, heavy pastes, meats 
and other semi-solids; adequate guarding and 
shielding to minimize leakage and pick-up. Every- 
thing necessary for glass electrode measurements 
is furnished, and can be carried in the instrument 
case.’ Compact and completely self-contained, 
the equipment is readily portable and retains all 
the traditional L&N reliability and excellence of 
workmanship. 


Write for Catalog E-96(1) 
LEEDS & NORTHRUP COMPANY, 4978 STENTON AVE., PHILA., PA. 
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Polaroid* Illumination is the ap- 
plication to lighting of a scientific 
principle. It gives two advan- 
tages not obtained with ordinary 
illumination. 


1, Light without glare. Polaroid Lighting 
provides glare-free illumination for all kinds 
of work and insures clear, effortless vision 
and minimum eye fatigue. All glare is gone 
—view is precise and easy—eye strain and 
fatigue are relieved. 


2, Sharp contrast—true color definition. 
Ordinary lighting dilutes color values and 
makes black ink look grey or shiny. Polar- 
oid Lighting creates sharp contrasts making 
black stand out clearly against white and 
colors appear in their full value. 


Glare hurts your eyes. 
Polaroid ends glare. 


POLAROID DESK LAM 


More than merely a lamp — it is actually : 


for beter $1650 


for better vision. 
PRICE COMPLETE ... 
Other Polaroid* Items 
Polarizing Microscope Attachment 
Photoelastic Polariscope 
Polarizing Projection Apparatus 
Polaroid Film 


Order direct from 


POLARIZING INSTRUMENT CO. 
632 Fifth Avenue New York City 
*T. M. Reg. U. S. Pat. Of. by Polarotd Corp. 


| Innovations in Instruments 


Kodachrome Professional Film 


Eastman Kodak Company announces that Kodachrome 
Professional Film is now available in cut-film sizes up to 
and including 8X 10 inches, and in a type precisely color- 
balanced for high intensity tungsten illumination. 

Identical in principle with the Kodachrome Film which 
has proved so convenient and workable for miniature 
cameras, Professional Kodachrome differs only in its suita- 
bility to professional and studio photography. A single 
exposure produces a positive transparency in full color. 
Any fully color-corrected anastigmat lens capable of good 
three-color work is suitable for color photography with 
Kodachrome. 

The simplicity with which Kodachrome may be used is 
due to its structure. Though a single film, it has three 
separate emulsions—each selectively sensitized to a dif- 
ferent part of the spectrum. Dyed layers of gelatin over 
each emulsion act as color filters and record the colors of 
the subject as negative silver images—in perfect, permanent 
register. In processing, these negative silver images are 
converted into a full-color positive. Professional Koda- 
chrome Film will, for the present, be processed only at the 
Eastman Laboratories in Rochester. 

Kodachrome transparencies are free from screen pattern, 
and have the extreme fineness of grain characteristic of the 
reversal process. The transparency may be examined as a 
proof, used for engraver’s copy, used for the production 
of full-color prints on paper, by the wash-off relief method 
or other suitable medium, or for screen projection with 
suitable equipment. 

The Type B film is color-balanced during manufacture 
for light from incandescent lamps operated at a color 
temperature of 3200 degrees K. This type of light repre- 
sents the average quality of light normally used for black- 
and-white commercial photography—that obtained from 
clear bulb, high efficiency tungsten lamps operated at 
correct voltages. Thus, photographers can use Koda- 
chrome, Type B, with no change whatever in their standard 
tungsten lighting equipment. 

The Type B Professional Kodachrome Film should not 
be associated with 16-mm or 35-mm Type A Kodachrome 
Film, which is color-balanced for Photoflood and Photo- 
flash illumination of higher color-temperature. However, 
Professional Kodachrome, Type B, can be used with Photo- 
flood or Photoflash, if a Wratten 2A filter is placed on the 
camera lens to compensate for the excess blue of these 
light sources. Pictures can also be made outdoors by day- 
light if a Wratten 85-B filter is used. Full information 
about the use of filters is given in the instruction book 
packed with each box of film. 

While Kodachrome Professional Film does not have the 
high speed or great latitude of some black-and-white films, 
it does have moderate exposure latitude. Its speed is 
approximately one-third that of Eastman Portrait Pan- 
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~ PRECISION INSTRUMENTS FOR MEASUREMENT AND CONTROL 


RHEOSTAT 


Another precision G-M 
instrument is this Type “L” slide wire 
theostat. Made in two models. The 
12-inch size is available in ratings from 
0.6 ohms to 26000 ohms, and the 20- 
inch size from 1.2 to 48000 ohms. Type 
“R” slide wire rheostats (7 inches long) 
are also available in ratings from 4.8 
ohms to 5000 ohms. For complete 
specifications, ask for the catalog. 


G-M_ LABORATORIES [NC. 


AT UNION COLLEGE. This G-M 
Suspended Coil D’Arsonval galva- 
nometer is being used in the Physics 
Laboratory at Union College, Lincoln, 
Nebraska. Other G-M instruments 
available are: portable taut suspen- 
sion galvanometers, photoelectric 
cells, demonstration photoelectric re- 
lays, and barrier type photocells. 


SUSPENDED COIL 
GALVANOMETER 


You are certain of precise accuracy if you 
use this G-M Suspended Coil D’Arsonval 
galvanometer. In addition, it gives you the 
following four special advantages: 


1—A light source can be mounted in 
the side of the case, as an integral part 
of the instrument. 2—A coil lock is 
provided for holding the coil firmly, 
reducing the probability of broken sus- 
pensions when moving the instrument. 
3—A microadjustor screw with ratio 
of 25 to 1 allows accurate positioning 
of the coil. 4—The angle of the mirror 
can be adjusted in relation to the coil. 


The galvanometer is housed in a machined, 
cast aluminum case. The coil circuit can 
be electrostatically shielded. The suspen- 
sion tube is insulated from the case, per- 
mitting a ground connection to the case 
independent of the coil circuit. 


The front cover is provided with a felt 
gasket to insure sealing against dust. The 
glass window is optically clear and of 
large size to allow reading of wide angles 
of deflection or to set a telescope at a wide 
angle with respect to the mirror. 

G-M D’Arsonval galvanometers are 
used by laboratories in colleges and indus- 
try. Write for the GM catalog giving 
specifications and prices on this D’Arsonval 
galvanometer and the complete line of 
GM instruments. 


DEPT. B. 1731 BELMONT —CHICAGO, U. S. A. 
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VARIABLE VOLTAGE 


TRANSFORMER 


for Smooth Voltage Control 
of A. C. Loads up to 2000 Watts 


@ SMOOTH CONTROL OF 
VOLTAGE OUTPUT 
from zero to maximum 
without interruption of 
circuit . . . output volt- 
age practically independ- 
ent of load... no drop 


in output as current load 
increases. 
@ WIDE RANGE OF AD-. 


JUSTMENT .. . voltage 
adjustable continuously 
from zero to full output 
(113% of line voltage) 
. » with low power loss. 
& DIAL CALIBRATED IN 
VOLTS ... output volt- 
age adjustable by the 
mere turn of a knob over 
a dial calibrated in volts. 
@ COOL OPERATION .... 
temperature rise does not 
exceed 20° C. continuous. 
@ ADVANCED DESIGN 
. sturdy construction 
makes for long life. 


Fully Described in Bulletin 1115-AP 
AMERICAN INSTRUMENT CO. 


8010-8020 Georgia Ave. Silver Spring, Md. 


“JAGABI” 
RHEOSTATS 


An 8-inch strip-wound 
Jagabi Rheostat with 
screw drive. 


IV1NG smooth, positive control of elec- 
tric current, in fine steps over a wide 
range, Jagabi Rheostats are quality instru- 
ments of great ruggedness and durability. 
They are first choice of engineers and re- 
search workers in many fields. 

76 standardized ratings in stock. 
special types. 


Our Bulletin 1515-R will help solve aa control problems. 
Write for a copy. 


JAMES G. BIDDLE CO. 


ELECTRICAL saxo SCIENTIFIC INSTRUMENTS | 
Arce STREET. 


Many 


Pa, 


Innovations in Instruments (continued) 


chromatic Film. In addition to the Type B film for studio 
use, a daylight type is expected to be available later in a 
similar range of sizes. 

Professional Kodachrome Film is supplied in boxes of 
one-half dozen, each box including an instruction book and 
a gummed return label. When fewer than three films are 
returned for processing at one time, a service charge of 
50 cents is made. A coin envelop is included in each box for 
that purpose. If three or more films are returned at one 
time, there is no charge for processing. 


Hanovia Announces a New Quartz Ultraviolet Lamp 


The Hanovia Chemical and Manufacturing Co., Newark, 
New Jersey, announces a new and more efficient lamp for 
producing intense ultraviolet radiations. This is a self- 
lighting quartz mercury vapor arc. It operates from alter- 
nating current through a reactive transformer. The appa- 
ratus is small, of compact construction, inexpensive to 
purchase and maintain. The quartz burner is C-shaped, 
the useful length of the arc is 1} inches by } inch in width. 
The burner can be operated in any position and is not 
affected by shocks or jars unless these are of sufficient 
intensity to fracture the quartz tube. The ‘‘S’’ 100 burner, 
as it is termed uses about 100 watts of power. Lifetime tests 
show that after a thousand hours of service the burner 
still provides an average of 75 percent of initial intensity. 
The new lamp also differs from the old type of mercury arc 
in that there are no pools of fluid mercury. Only a small 
amount of mercury is in the tube and this is all vaporized 
when the burner is in operation. 


New pH Slide Comparator 


A new slide comparator for the colorimetric determina- 
tion of pH, chlorine and phosphates has been developed 
by W. A. Taylor & Company, 872 Linden Avenue, Balti- 
more, Maryland. The new outfit is molded entirely from 
plastic. All pH, chlorine and phosphate values, as well 
as the indicator names, are engraved in white directly on 
the plastic slides. Improved catches are used to hold the 
top on the base and all metal parts are rustproof. The 
whole outfit, including the slide is 10 in. long, 2} in. wide 
and 4 in. high and weighs only 13 lb. 

The new comparator consists of a slide and a base. 
Each slide contains 9 color standards alternating with 
ampoules of distilled water. All color standards are guaran- 
teed by the manufacturer to maintain their accuracy for a 
period of 5 years. The base contains 2 vials of indicator 
solution, with 0.5-cc pipettes, 5 5-cc test tubes, and a piece 
of etched glass in a special compartment. Determinations 
are made by filling three of the test tubes with the test 
sample, adding 0.5 cc of indicator solution to the middle 
one, placing the slide on the base and moving it back and 
forth until the test sample matches one of the color stand 
ards. The fH, chlorine or phosphate value is then read off 
directly from the values on the slide. One base can be used 
with any number of color standard slides. 
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WHEN DEPENDABILITY IS ESSENTIAL 


B & L Optical Parts measure up to the same high standards of precision and de- 
pendability as those used in B & L Instruments. In optical experimentation and 
research, where fixed standards of precision are essential, they can be depended 
upon to meet every requirement. 


B & L Catalog D-10 lists optical parts and optical sets for every experimental 
or research purpose, including optical parts of glass, quartz and calcite; lenses, 
prisms and mirrors of all types; optical flats, and complete optical sets for teach- 
ing or experimentation. Send for this Catalog, today. Bausch & Lomb Optical 
Co., 670 St. Paul St., Rochester, N. Y. 


ooee WE MAKE OUR OWN GLASS TO 
INSURE STANDARDIZED PRODUCTION 


FOR YOUR GLASSES INSIST ON B&L 
ORTHOGON LENSES AND B &L FRAMES... 
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HERE’S THE 
STORY...in catalog form 


Send for your free Copy! 


This catalog explains how, and where, you can 
cut thermometer installation and maintenance 
costs with these new Weston Industrial Temper- 
ature Gauges. It describes the WesTOoN all-metal 
principle which eliminates glass elements as well 
as gas and vapors; and protects the thermometer 
from damages usually caused by over-temper- 
atures or severe vibration. It also gives typical 
scale faces, in full size, illustrating the readability 
of this new gauge-type thermometer. List prices, 
ranges, stem lengths and other information cover- 
ing all models, also is supplied. Be sure to send 
for your copy today. 


WESTON caucts 


Weston Electrical Instrument Corporation 

603 Frelinghuysen Ave.. Newark. N. J. 

Send catalog describing Weston Industrial Temperature 
Gauges. 

Name__. 


City. State 


EPPLEY THERMOPILES 


for 


RADIANT ENERGY 
MEASUREMENTS 


The cut above illustrates the measurement of 
the energy transmission of glass in the infra- 
red. The apparatus shown will prove par- 
ticularly valuable in the testing of welder’s 
goggles, where a simple and efficient method 
of making such measurements is desired. It 
consists of a thermopile, microammeter and 
filter holder, mounted on a bakelite base. 
The thermopile is the circular type, espe- 
cially designed for this and similar uses. 


This and several other types of thermopile, 
having a variety of applications in the field 
of radiant energy measurement, are manu- 
factured by this laboratory. Special thermo- 
piles and mountings designed to meet indi- 
vidual needs can generally be built at a slight 
increase in cost. 


Those having problems which they feel 
might be solved by the use of a thermopile 
are earnestly requested to write us, stating 
their problem in as much detail as possible. 
We will appreciate being given the opportu- 
nity to make recommendations after a study 
of such problems. No obligation will be 
incurred. 


Write for Bulletin No. R-3 


EPLAB } 
THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS 


NEWPORT, R.1. 
U. S.A. 
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“We're making 
better production records... 


“We avoid operating interruptions 
and time-out-of-service... 


LUBRICATION 


maintenance costs to the bone... 


a 


Vii 


“We've trimmed our 


With GULF’S HIGHER 
QUALITY /ubricants!”’ 


T’S real economy to invest a few cents more per 

gallon in quality lubricants when such operat- 
ing improvements as these can be made! Better pro- 
duction records, lower maintenance costs, less time- 
out-of-service—those are the benefits by which pro- 
gressive plant men measure the true value of Gulf's 
higher quality oils and greases. 

Your operating men may be getting by with 
“run-of-the-mine” lubricants. But if you're not en- 
tirely satisfied with your plant production—from 
the standpoint of quality, quantity or costs—we 
suggest that you give special attention to the matter 
of lubrication. 

Let an experienced Gulf engineer check over 
your equipment and recommend possible means of 
improving lubrication practice. He works tactfully 
with plant men, has a keen appreciation of their 
problems and will be an able ally in their attack on 
friction, wear and machine inefficiency. Gulf Oil 
Corporation—Gulf Refining Company, Gulf Build- 
ing, Pittsburgh, Pa. 
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CA ssociates 


HE American Institute of Physics gratefully acknowledges 
the support in 1938 of the following Associates of the 
Institute: 


Allegheny Steel Company 
Aluminum Company of America 
American Telephone and Telegraph Company 
Bausch & Lomb Optical Company 
Bell Telephone Laboratories 
The Chemical Foundation Incorporated 
Crane Company 
The Dow Chemical Company 
E. I. du Pont de Nemours & Company, Inc. 
Eastman Kodak Company 
General Electric Company 
General Motors Corporation 
Gulf Research & Development Company 
Libbey-Owens-Ford Glass Company 
The Loomis Laboratory 


Massachusetts Institute of Technology 
Department of Physics 


Massachusetts Institute of Technology 
Division of Industrial Cooperation 


Research Corporation 
Shell Development Company 
Westinghouse Electric & Manufacturing Company 


These corporations and institutions are helping the physics 
publications and the general work of the Institute for the ad- 
vancement of the science. This they do with meticulous care 
not to influence policy but just to encourage the doing of a good 
job better. The Institute has been notified that certain addi- 
tional corporations will join as Associates in 1939. 


The American Institute of Physics cordially invites other 
interested corporations to become its Associates and will welcome 
their inquiries addressed to The Director, 


American Institute of Physics 
175 Fifth Avenue, New York, New York 
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Penetration of Oil Sprays 


By P. H. SCHWEITZER 
Professor of Engineering Research, The Pennsylvania State College, State College, Pennsylvania 


PENETRATION OF THE SPRAY TIP 


NSTEAD of using high speed photography 

as N.A.C.A.,! Sass,2 and Holfelder,* the 
penetration of the spray tip in consecutive small 
time intervals was determined by a sensitive 
electric contact upon which the spray impinged. 
Fig. 1 is a photograph of the pressure chamber 
with the injection mechanism producing single 
injections and Fig. 2 shows the schematic 
arrangement used in the tip penetration tests. 
In series with the spray contact was a timed 
contact, the phase of which could be changed by 
turning a disk on the shaft which actuated the 
injection valve. When both the spray contact 
and the timed contact were closed simultane- 
ously, the neon lamp flashed. From this the time 
when the spray reached the spray contact was 
determined. Fig. 3 was obtained in this manner. 
The penetration of the spray tip grows fast in 
the beginning but slows down later. The curves 
for tip velocities, which are obtained by graphical 
differentiation, flatten out quickly and the effect 
of the injection pressure diminishes. 

The factors that have considerable effect on 
spray tip penetration are: injection pressure, 
chamber pressure, orifice size, orifice shape and 
oil viscosity. Dimensional analysis! served to 
establish certain relations, by which the effect 
of most important variables on spray tip 
penetration can be calculated. 


The effect of the injection pressure can be 
expressed by the formula 


s=f(tp'), (1) 


where s is penetration (inches), ¢ is time (milli- 
seconds), » is oil pressure (lb. per sq. in.). 
According to this equation the penetration is 
unchanged if ¢p) is unchanged. From Fig. 3 the 
spray tip of a 4000 lb. per sq. in. spray reaches 
8 in. in 12 milliseconds. How long does it take 
a 1000 lb. per sq. in. spray to get that far? 
Since ¢p) is the same in both cases, the low 
pressure spray will need 12(4000/1000)!=24 
milliseconds to traverse the 8 in. distance. This 
closely agrees with the reading on Fig. 3, which 
was obtained experimentally. The significance 
of Eq. (1) is that if the penetration curve is 
known for one injection pressure, it can be 
calculated for any other injection pressure. 

The effect of the orifice diameter on penetra- 
tion can be expressed by the formula 


s/d=f(t/d), (2) 


where d is the orifice diameter. This enables us 
to calculate tip penetration for any orifice 
diameter from the data for a similar nozzle of 
another orifice diameter. Eq. (2) does not furnish 
an explicit formula, but with the s vs. ¢ curve 
known for one orifice diameter, the s/d vs. t/d 
curve can be plotted, which will be the same for 
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Fic. 1. Pressure chamber (closed) and 
injection mechanism. 


any orifice diameter. Therefore a new s vs. ¢ 

curve can be plotted for another orifice diameter. 
The effect of chamber pressure or chamber air 

density p, can be expressed by the formula 


(3) 


which again makes it possible to draw a t 
penetration curve s=f(f) for any chamber 
density if it is known for one chamber 
density. 

The formulas (1), 
in a single formula 


p 
air 
air 


(2) and (3) can be combined 


s/d(1+ ps) =f(t/dpap). (4) 


Fig. 4 represents such a plot for an oil of 13.5 
centistokes kinematic viscosity and 0.908 specific 
gravity, showing that in spite of widely varying 
injection pressures, chamber air densities and 


Ou Pump Aer A muiotor 
CF 
or — 
Accumulator 
Counter - 
ter 
Vo!ve | | Contact 
Adjstebie | 
Timed Contect | 
Cem || ressure 
3 


tj j In 


Fic. 2. Schematic arrangement of pressure chamber and 


injection mechanism. 


736 


orifice diameters, all points fall substantially 
on the same line. The dimensional formula is 
also supported by data of Sass,? Gellales,® 
Beardsley® and Holfelder.* 

Finally, it may be stated that tip penetration 
can be conveniently controlled by injection 
pressure and orifice diameter. In this way 
penetration distance can be increased or de- 
creased by 50 percent or more. Chamber air 
density has a pronounced effect on tip penetra- 
tion at low air densities but in the Diesel range 
its effect is insignificant. 

The motion of the spray tip as described 
above has frequently been taken as the motion 
of the sprayed liquid itself. The assumption is 


Spray Tip Distance | | -300 
7000" 
S 64 200 
F Chamber Air Density ISxatmdens|) >» 

Nozzle 001350027" 8 
yj | Oul Kin Viscosity 60 Centistokes 
3 2 4 

SS ATip Velocity | | 
0 4 é 16 20 2 32 


Time From Injection Commencement, Milliseconds 


Fic. 3. Spray tip penetration in air of 15 times 
atmospheric density. 


sometimes made,’ that the spray tip represents 
the motion of the leading droplets which have 
the highest velocity and that the other droplets 
are trailing the leaders with somewhat lower 
velocities. This assumption would be correct if 
the leading droplets would remain leaders any 
length of time. This is, no doubt, the case in 
vacuum but not in dense air, nor even in atmos- 
pheric air. With air resistance present, the 
droplet that leads the spray at one instant is 
stopped the next by air resistance. Other droplets 
coming from behind overtake the former leader 
only to be stopped very shortly afterward. At 
the beginning of their flight the particles move 
with a velocity greater than that of the spray 
tip. The spray can be visualized as boring a hole 
in the air and the tip velocity is nothing but the 
rate at which the hole in the air grows. 
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Fic. 4. Plot of (s/d)(1+ a) vs. (t/d)pap’. In spite of 
widely varying injection pressures, chamber air densities, 
and orifice diameters, all points fall substantially on the 
same line. Units: ¢ in seconds, pa in units of atmospheric 
density, p in pound per square inch, s in inches. 


More than anything else, it is the motion of 
the individual droplet that the engine designer 
is interested in. He endeavors to create conditions 
such that the greatest number of particles burn 
in contact with sufficient air and wants to know 
where the oil droplets are in consecutive time 
intervals. A study of the spray tip alone will 
not furnish this information. The curves in 
Fig. 3 tell us where the farthest advanced 
droplets are at a certain moment but not where 
the rest of the droplets are at that time or at 
any other time. The true story would be obtained 
by tagging and observing the individual drop- 
lets. This course is fraught with difficulties. The 
next best thing is to ascertain the fate of the 
average droplet. This has been done to a certain 
degree by measuring mass effects. 

The ballistic pendulum determined the mean 
velocity of the oil droplets by measuring the 
effect of their impact on a plate. The tipping 
cut determined what portion of the total spray 
reached a certain distance from the nozzle. 


BALLISTIC PENDULUM 


The ballistic pendulum takes its name from 
its use for measuring the velocities of rifle 
bullets. In its simplest application the bullet of 
mass m impinges with velocity c on a freely 
suspended inelastic body of mass /. From the 


equality of momenta 
mXc+Mx0=(M+m)u. (5) 


VOLUME 9, DECEMBER, 1938 


By knowing u (from the deflection of the 
pendulum), m and M the velocity c can be 
calculated. 

A number of spray velocity determinations 
were made with a ballistic pendulum enclosed 
in the pressure chamber on the assumption that 
the impinging mass of the entrained air that also 
impinges on the mass VW can be neglected. This 
assumption proved to be untenable. It became 
evident that the ballistic pendulum cannot be 
expected to give useful results unless the impact 
of the air is eliminated or corrected for. The 
method finally adopted was found by accident. 

During some earlier experiments a shield plate 


with a 1}” hole was placed closely in front of 
the pendulum disk in the 

if! hope that such a_ shield 

| would prevent the greater 


I part of the air from im- 
pinging upon the pendulum 
and yet would permit almost 
all of the oil to pass freely 
through the opening. This 
shield was found to act ina 

very unexpected manner. It 
t not only prevented the pe- 
ripheral air from impinging 
on the pendulum plate but 
caused the air passing 
through the hole of the 
shield disk to exert a pull on the pendulum disk 
instead of a push. This is similar to the fairly 
well-known observation that blowing through a 
thread spool will suck a name card to its face 


Fic. 5. Blowing 
through a_ thread 
spool holds a card 
to its face. 


Fic. 6. Photograph of ballistic pendulum. 
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Fic. 7. Spray velocities. Effect of chamber air density. 
These curves were obtained by means of a “shielded” 
ballistic pendulum and represent the “‘true’’ mean velocities 
of the oil globules. 


instead of pushing it off, see Fig. 5. The ex- 
planation in both cases is that the deflected air 
expands and exerts a Venturi-like aspirator effect 
on the plate. The following facts were established : 

1. If the clearance distance between shield 
disk and target disk is small, the air exerts a 
pull on the target disk; if the clearance is large, 
it exerts a push. 

2. A position can always be found for the 
shield disk where neither a push nor a pull is 
discernible. With ‘‘neutral"’ shield clearance the 
air stream exerts zero force on the target disk. 

3. The neutral clearance is practically inde- 
pendent of the air velocity and quantity. 

These findings indicated that a_ shielded 
ballistic pendulum might be used for the de- 
termination of the true spray velocities. In 
order to determine whether or not such a course 
was safe, a more detailed investigation was made 
which confirmed the belief that the shielded 
ballistic pendulum records the spray velocities’ 
in a reliable manner. The tests to be described 
were made on that basis. 

The pressure chamber and injection mecha- 
nism were unchanged but the sensitive contact 
was replaced with a shielded ballistic pendulum 
as shown on Fig. 6. The deflection of the ballistic 
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pendulum, enclosed in the pressure chamber was 
registered electrically in distances 1, 3, 6, 9, 
and 12 inches from the nozzle. 

Figure 7 shows the results with a light Diesel 
oil injected under 4000 Ib. per sq. in. pressure 
into air of varying density. It will be noticed 
that while the spray velocity is still appreciable 
at 12 in. distance in atmospheric air, the velocity 
almost vanishes at 3 in. from the nozzle in air 
of 15 times atmospheric density (corresponding 
to average compression in a Diesel engine). 
Fig. 8 shows that higher injection pressures 
produce higher issue velocities but the decelera- 
tion is so much more rapid with the high pressure 
spray that after 2} in. travel the velocities are 
substantially equal. 

Figure 9 shows the penetration of the ‘‘average 
globule’ plotted against time. The curves, which 
were obtained by graphical conversion from the 
mean velocity curves, refer to the standard 
conditions indicated except for one changed 
factor which is marked on the curve. The’ 
unmarked curve corresponds to standard condi- 
tions throughout. 
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Fic. 8. Spray velocities. Effect of injection pressure. Dotted 
lines show that the curves have equal subtangents. 
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7 1. The issue velocity of the oil spray 
a depends essentially on the injection pres- 
| sure and can be calculated with the well- 

5 know i - 
nown hydraulic formula v =c(2gh)!, using 
ob a a velocity coefficient of 0.95 for slightly 
‘i th rounded cylindrical orifices. The issue 
& 4 : wees velocity is independent of the orifice size 
z a. and the oil viscosity and practically inde- 

a = S000" pendent of the chamber air density. 
5 3 2. The air resistance to the spray gener- 
3 al | ally follows the square law. The only ex- 
> GA: S46 Nozzle 0.0135°x 0.027" ceptions to this are in the region of low 
& 2 a Injection Pressure. 4000* ~ air density, high oil viscosity and large 
AQ I$ ad nozzle orifices not representative of ordi- 
Onl Viscosity 62 Centistokes : : 
except where oiherwise indicated nary 

lof 1 3. The air resistance under circum- 
stances normally encountered by a Diesel 
spray varies as the first power of the air 
° 0 2 1 lz 2 2% 3 density and it is independent of the orifice 


Time, Milliseconds 


Fic. 9. Penetration of the “average globule.’’ These curves 
were obtained by graphical conversion from the mean spray 
velocity curves. Note the negligible effect of the injection pres- 
sure. The dotted line shows the penetration of the spray tip for 


comparison, 


A great number of measurements were taken, 
with three different orifice diameters and five 
different oils to determine the effect of orifice 
diameter, oil viscosity, and specific gravity in 
addition to the above-mentioned variables. The 
reproduction of the results would take too much 
space but fortunately the data permitted us to 
establish a theory which takes care of all these 
variables and permits the calculation of the 
spray velocity at any distance for any set of 
conditions. 

The results of the theory verified experi- 
mentally can be summed up as follows: 
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Fic. 10. Subtangents of spray velocities of 15 times 
atmospheric air density. 
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size. 

4. The air resistance decreases with in- 
creasing oil viscosity (see Fig. 10), but is 
not sensitive to normal changes in specific 
gravity. 

5. The curve representing the mean 
spray velocity plotted against penetration dis- 
tance has equal subtangents at any point and the 


5 


Velocity. Ft per sec. 
Time Milliseconds 


1 2 
Penetration Distance. Inches 
Fic. 11. Constructing spray velocity curve, example. 


subtangents are identical for any injection pres- 
sure (see Fig. 8) but they will vary as the 
reciprocal of the chamber air density. This is a 
consequence of (2) and (3), the mathematical 
derivation of which is given.‘ 

As a result of these findings, rules can be 
presented for the calculation of spray penetration 
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Fic. 12. Tipping cup. When the oil deposited in the 
cup exceeds a predetermined weight, the cup tips and by 
breaking electric contact at C turns off the neon light V. 


and velocity. The steps of the calculations will 
be shown on an example. 


EXAMPLE 


An engine has a spray nozzle with one 0.020 in. 
diameter orifice. The effective injection pressure 
is 3000 lb. per sq. in. The compression ratio of 
the engine is 14:1. An oil of 50 Saybolt sec. 
viscosity is used. What will be the velocity of 
the spray 2 in. from the nozzle and how long 
does it take the average globule to travel that 
distance? 


The compression pressure at top dead center 
will be 


p.=14.7 X 14'-*=455 Ib. per sq. in. 


Assuming a specific gravity of 0.90, the issue 
velocity of the spray will be 


v9 = 0.95(2 32(( 3000 — 455) 144) (0.9 62.25) )! 


= 614 ft. ‘sec. 


As the next step we determine the characteristic 


Fic. 13. Electric balance for measuring dynamic pressure 
of spray. 
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subtangent of the spray velocity curve. From 
Fig. 10, the subtangent corresponding to 50 sec. 
Saybolt is 1.55 in. This refers to 15 X atmospheric 
density. We have (at top dead center) only 
14Xatmos. density and the subtangent will be 
correspondingly longer 


u = (15/14)1.55 = 1.66 in. 


Now we proceed with the construction of the 
spray velocity curve, Fig. 11, which consists of 
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Fic. 14. Building up of a 4000 Ib. spray. 


drawing an envelope step by step, maintaining 
a subtangent of 1.66 in. As a result of 2 in. 
distance a spray velocity of 170 ft. per sec. is 
obtained, 28 percent of the original issue velocity. 

For calculating the elapsed time we can use 
the point to point method. For the first } in. 
distance the globule is assumed to have an 
average velocity of $(613+ 520) =565 ft. per sec. 
and .,therefore to cover that distance takes 
0.25/12 565 = 0.000037 sec. or 37 microsec. The 
further calculation is tabulated in Table I. 

The result of the calculation is that it takes 
the average droplet a little more than one half- 
thousandth of a second to travel 2 in. distance 
from the nozzle and by that time it has lost 
almost } of its velocity. ° 
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TABLE I. 


DISTANCE, 
TIME =————_ 
PENETRATION VELOCITY AVERAGE VELOCITY 
INCHES LINE VELOCITY MICROSECONDS 

0-1 565 37 

5 1-2 480 43 

3 2-3 405 52 

1 3-4 345 60 

1} 4-5 295 71 

13 5-6 250 83 

17 6-7 210 99 

2 7-8 183 114 

Total 


Experiments with the 
substantially confirmed 
ballistic pendulum. 


tipping cup, Fig. 12, 
the results of the 


BuILDING-Up PERIOD OF SPRAY 


Sprays of short duration have been investi- 
gated to learn the characteristics of such sprays 
and get an insight into the building-up process. 
A spray has to complete its air boring process 
before it attains equilibrium, therefore its 
characteristics are different at the beginning of 
the injection than later. 

The experiments were made with a slotted 
disk and with a very quick-acting electro- 
magnetic spray valve. The dynamic force 
(“hardness”) was measured by an _ electric 
balance, Fig. 13. The tests showed that the 
building-up period is extremely rapid. As shown 
on Fig. 14, it increases with the distance but 
even at 6 in. distance the spray is 90 percent 
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developed in about one millisecond. Injection 
pressure and chamber pressure have only slight 
effect on the length of the building-up period. 

High speed Diesel engines have injection 
periods of not less than 30 degrees pump angle 
at 1500 r.p.m. pump speed. The duration of the 
injection is, therefore, 1/300 sec. Even this very 
short duration is much longer than the aero- 
dynamic building-up period. Therefore, it may 
be stated that the spray in ordinary Diesel 
engines is not influenced by the injection 
duration, and the penetration of a short inter- 
mittent spray is the same as of a stationary 
spray. Exceptions to this are sprays of extremely 
short duration, not typical with the conventional 
injection systems. 
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“Resumes of ‘Recent ‘Research 


Recent advances in experimental and theoretical physics 
are described in these columns in nontechnical language. 
It is intended that sufficient background be given to 
introduce the reader to the subject. 


Improvements in Interest in the use 
Phonograph Repro- of phonograph recording 
ducers on disk materials suit- 


able for immediate play- 
back has been heightened by recent improve- 
ments in reproducer design! and a detailed study 
of the motion of a needle tip in a record groove.’ 
The latter paper analyzes the distortion gener- 
ated by the use of a reproducer stylus tip of 
finite size, showing that, if the stylus tip can be 
positively guided by both sidewalls of the groove 
at all times, a lateral-cut record is more free 
from distortion than a similarly engraved 
vertical-cut record. This is because the former 
offers the advantages of a mechanical push-pull 
system with consequent cancellation of all even- 
order distortion products. 

Positive tracking is not ordinarily attained 
because the included angle of the record groove 
varies when the recording stylus moves, as it 
commonly does, with a transverse velocity which 
is not negligible with respect to the tangential 
groove velocity. Conventional reproducers cause 


both needle tip and record to wear excessively’ 


in the pinched sections of the groove, with 
subsequent loss of positive tracking and an 
increase of distortion and noise. On the other 
hand, if the reproducer design provides for 
vertical mobility of the needle tip at signal 
frequencies, the tip can rise and fall in the groove 
as the included angle varies; in fact such vertical 
motion represents the even harmonic distortion 
that is canceled out of the lateral motion. 
Measurements of the distortion observed under 
these conditions are in good agreement with the 
predictions of the analysis. 

In the communications profession the opinion 
has been commonly held that vertical-cut 


1F, V. Hunt and J. A. Pierce, Electronics 11, 9 (1938). 
2 J. A. Pierce and F. V. Hunt, J. Acous. Soc. Am. 10, 
14 (1938); J. Soc. Mot. Pict. Eng. 31, 157 (1938). 
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transcription records are the finest now made, 
and that high fidelity reproduction for the home 
must await the commercial availability of such 
records and reproducing equipment. It now 
appears that the unquestioned merit of these 
records is to be ascribed to more effective 
instrumentation and improvements in the proc- 
essing art rather than to any intrinsic advantage 
of the hill-and-dale type of recording. The 
papers here reviewed give reason to hope that 
the adoption of these techniques in the manu- 
facture of lateral-cut records will make an even 
higher standard of fidelity easily available to 
the users of phonograph equipment. 


A New Precision 
Method for the De- 
termination of e/m 
for Electrons 


Practically every 
method that has been 
used for the measure- 
ment of e/m for elec- 
trons by deflection in a 
field of force requires a knowledge of the velocity 
of the electrons. The determination of this 
velocity is rendered uncertain by the presence 
of polarization layers which form on the slit 
that’ is used to collimate the electron beam. 
These polarization layers give rise to a retarding 
field in the vicinity of the slit and hence the 
applied accelerating potential does not provide 
a true measure of the velocity of the electrons. 
* Recently, Dr. A. E. Shaw! at the University 
of Chicago has developed a new method in 
which the velocity does not appear explicitly in 
the final equation for e/m. In this method the 
electrons are focused under the simultaneous 
action of electric and magnetic forces, as indi- 
cated in the figure. The electric force arises 
between the plates of a cylindrical condenser 
and the magnetic force is produced by a sym- 
metrical pair of coils whose axis is normal to the 


1A. E. Shaw, Phys. Rev. 54, 193 (1938). 
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plane of the orbit. Under these conditions the 
electric and magnetic forces lie in the plane of 
the orbit, as shown. 

The equation for e/m is, 


e/m=4E/(H°p), 


where E is the electric field intensity, I7 is the 
magnetic field intensity and p is the radius of 
curvature of the circular orbit. The point of 
focus is 127° 17’ from the slit. Although the 
equation for e/m does not require that the 
electron velocity be known in order to determine 
e/m, nevertheless, only electrons of a certain 
voltage equivalent will reach the collector for 
given electric and magnetic field intensities. 
This voltage equivalent is determined by means 
of focusing criteria which in effect utilize the 
electrons after they have emerged from the slit. 
Thus, in the method of crossed electric and 
magnetic fields, the focusing is carried out with 
electrons whose effective velocity after emergence 
from the slit is known precisely from the electric 
and magnetic forces operating. Therefore, any 


Cylindrical 
Filament Condenser 
Slit —> 
Ee 
Collector 


Section through cylindrical condenser showing forces which 
act on the electron beam to focus it on to the collector. 


retardation experienced in the region of the slit 
does not constitute an uncertainty in this method 
of measuring e/m. Furthermore, the difference 
between the applied accelerating potential and 
the voltage equivalent is a measure of the 
magnitude of the polarization layer. 

The magnitude of the polarization layer varies 
with the applied accelerating potential. When 
the applied accelerating potential was 120 volts, 
the polarization layer was approximately 10 
volts and when the applied accelerating potential 
was 400 volts the polarization layer was approxi- 
mately 25 volts. 
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The value of e/m obtained with the present 
apparatus is e¢/mo=(1.7571+0.0013) X10? e.m.u. 
Because of the physical limitations of the 
present cylindrical condenser, no attempt was 
made to push this determination to the extreme 
limits of accuracy attainable with this new 
method. However, it is hoped that with a new 
cylindrical condenser it will be possible to 
determine e/m to within a probable error of 
1 : 3000. 


Recent Advances in 
Slow Neutron 
Technique 


The neutrons which 
Chadwick first observed 
in 1932 had speeds close 
to that of light. But 
Fermi soon showed that they could be slowed 
to thermal velocities by a succession of ‘‘billiard 
ball’’ collisions with the hydrogen atoms in 
paraffin. ‘“Thermal neutrons’’ are the most 
effective agents for the disintegration of nuclei, 
so a study of their properties is of great impor- 
tance in nuclear physics. Experimental investi- 
gations of slow neutrons have been hampered in 
the past by (1) the fast neutron background 
always present, (2) the broad energy band 
(Maxwell distribution) with which one must 
work, (3) the impossibility of achieving good 
collimation, and (4) the inability of liquid 
hydrogen to ‘“‘cool’’ neutrons much below the 
temperature of liquid air. (Many thermal 
neutron effects are greatly enhanced when the 
neutrons have slower velocities.) 

An experimental arrangement which elimi- 
nates these four difficulties has recently been 
described by Luis W. Alvarez! of the University 
of California’s Radiation Laboratory; the appa- 
ratus is essentially a velocity selector. Fast 
neutrons are generated in short pulses 60 times 
a second. A detector placed several meters from 
the paraffin in which the neutrons are showed 
down is arranged to be insensitive to neutrons 
except for a short time each cycle, when no fast 
neutrons are being formed; thus no fast neutrons 
are detected. But thermal neutrons take an 
appreciable fraction of a cycle to traverse the 
source-detector distance, so they are recorded. 
When suitable screens of cadmium are placed 
around the apparatus, it may be shown that 


1 Phys. Rev. 54, 486 (1938). 
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the thermal neutron beam is highly collimated. 
By changing the source-detector distance, or by 
altering the modulation-phase-shift time, it is 
possible to work with neutrons of any particular 
temperature from 300° to 10° absolute. The 
method, therefore, opens for exploration several 
new fields of research, including the neutron 
spectroscopy of the ‘‘far infra-red.” 


Polymorphic Trans- Structural — transfor- 
formations under mations take place in 
Pressure many substances when 


they are subjected to 
very high pressures. The change in volume which 
accompanies such transformations is the usual 
criterion for determining their existence. Many 
valuable thermodynamic data may be obtained 
simply from a knowledge of the volume changes 
alone. However, the very interesting problem as 
to why and when a transformation will occur in 
a given material cannot be solved without more 
information than this type of experiment offers. 
In particular, a knowledge of the atomic arrange- 
ment is needed; i.e., the crystal structures must 
be known. An x-ray camera which will produce 
powder photographs of substances under pressure 
has been built recently by R. B. Jacobs at 
Harvard University.! This apparatus has been 
successfully used to determine crystal structures 
of samples under pressures as high as 5000 
atmospheres. Several simple salts have been 
studied under pressure and their crystal struc- 
tures determined. The information so obtained 
has been used by Jacobs to calculate the theo- 
retical pressures at which the transformations 
should occur. In the chemical series of the 
rubidium and potassium halides the calculated 
transformations are in agreement with the 
experimental as far as order of occurrence with 
increasing pressure is concerned. Likewise, a 
good numerical] agreement is found between the 
theoretical and experimental volume changes at 
the transition points. The sodium salts (in 
contrast to the potassium and the rubidium) 
fail to show transitions up to pressures of 50,000 
atmospheres, the present upper limit of Bridg- 
man’s high pressure measurements. In this case, 
the same type of calculations predict that no 


1 Phys. Rev. 54, 325 (1938); Phys. Rev. 54, 468 (1938). 
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transformation of the rubidium and potassium 
types should occur at any pressure. The complete 
verification of these calculations, of course, 
awaits the extension of the present pressure 
range. 


Finite Solid 
Acoustic Filters 


A solid rod can be so 
treated that when one 
end of it is vibrated 
longitudinally only those vibrations correspond- 
ing to certain frequencies will be able to travel 
along it.! A steel rod, like that in Fig. 1, loaded 


Fic. 1. 


at equal intervals with heavy steel collars, is 
found to act as a low pass filter for compressional 
elastic waves in much the same way as certain 
repeated combinations of resistance, inductance 
and capacitance act as electric wave filters. The 
theory for the ideal case of an infinite structure 
of the kind shown has already been developed 
previously but now for the first time study has 
been made both theoretically and experimentally 
of a finite solid filter with a finite termination 
such as may actually be built. In the experi- 
mental test the rod, consisting of six sections, 
was vibrated by having one end of it rigidly 
attached to a magnet inserted into a coil carrying 
the amplified output of a beat frequency oscilla- 
tor. The vibrations were detected by piezo- 
electric phonograph pick-ups placed before and 
after the filter structure. The theoretical trans- 
mission region from 0 to 2000 cycles and its 
six high peaks were found to be in good general 
agreement with experiment. 

Solid filters of the kind described may ulti- 
mately prove of value in reducing the effects of 
machinery vibration. In fact much machinery 
vibration damping is already based on the filtra- 
tion principle. 


1Cf. R. B. Lindsay and A. B. Focke, ‘‘Finite Solid 
Acoustic Filters,’’ J. Acous. Soc. Am. 10, 41 (1938). 
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Crystal Structure When a_ beam of 
from X-Ray Data X-rays is sent through 

crystalline matter, it is 
diffracted into a number of beams. These mani- 
fest themselves as localizations of energy upon 
any receiving apparatus, such as a photographic 
plate or an ionization chamber, placed in the 
path of the diffracted radiation. Whether these 
localizations are in the nature of spots or lines 
depends on the experimental procedure and the 
condition of the test material, whether single or 
multicrystalline. In any case, with each such 
localization of energy there may be associated 
three integers, the so-called ‘‘Laue indices,” 
(hkl). From the experimentally observed inten- 
sities of any diffracted beam associated with 
indices (hk/), one may compute a proportionate 
quantity, the square of the ‘‘crystal structure 
factor” for (hkl). 

The crystal structure factors are related by 
theory to the distribution and scattering powers 
of the atoms in the unit cell of the crystal. To 
determine the location of these scattering centers 
is one of the main problems. In the past, crystal- 
lographers have resorted primarily to methods 
of trial and error in dealing with it. In a paper 
published recently* by M. Avrami the similarity 
in the behavior of scattering factor curves for 
different atoms is used to derive a system of 
algebraic equations whose coefficients are cal- 
culated from these curves and the experimental 
data for any given crystal. Depending upon the 
nature of the data, the roots of these equations 


give directly either the coordinates of the un- - 


known atomic positions, or those of the inter- 
atomic distances from which the unknown 
parameters themselves may readily be deter- 
mined. The method is applied to the KH.PO, 
crystal, and the results are found to compare 
very well with the values found by J. West on 
the basis of a trial-error and Fourier synthesis 
investigation. 


° “Direct Determination of Crystal Structure from 
X-Ray Data,” Phys. Rev. 54, 300 (1938). 
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Temperature Scale 
for Rhodium 


In a current article in 
the Journal of Chemical 
Physics, Wahlin and 
Whitney present results on the emissivity and 
thermionic properties of rhodium. These ob- 
servers have shown that a high emissivity sur- 
face, which appears when the temperature of the 
metal is lowered from about 1300°C to a lower 
value (this being done in a vacuum), is caused 
by the sudden appearance of an oxide layer. The 
reason for believing this is that the temperature 
at which the change takes place is a function of 
the partial oxygen pressure. 

This effect has in the past been ascribed to 
some structure change in the metal. Wensel and 
Tuckerman in an article in the August number 
of the Review of Scientific Instruments point out 
that the structure change idea is not tenable 
and that the effect is probably caused by an 
oxide film. This is in line with the findings of 
Wahlin and Whitney. 

Continued heat treatment in a vacuum of 
2-3X10-§ mm of Hg will cause the complete 
disappearance of the oxide layer at all tem- 
peratures. The emissivity for such a clean surface 
is found to be 0.242 for a wave-length of 6698A. 
This gives a temperature scale as follows: 


True Temp. °K Apparent Temp. °K 


1200 1111 
1300 1197 
1400 1282 
1500 1365 
1600 1447 
1700 1528 
1800 1609 
1900 1689 
2000 1768 
2100 1847 


The thermionic study carried out with a 
U-shaped filament in a single guard ring tube 
gave a work function of 4.80 volts for the clean 
surface with an A in Richardson’s equation of 
33 amp. cm~? degree~. 
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Evidence for the Existence of a New 
Elementary Particle 


By ENOS E. WITMER AND MARTIN A. POMERANTZ 
Randal Morgan Laboratory of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 


OR several decades prior to 1932, physicists 
generally assumed that the proton and the 
electron were the only elementary units of 
matter. Then the neutron and the positron were 
discovered in rapid succession as a result of 
nuclear and cosmic-ray investigations. The 
neutrino was postulated for theoretical reasons. 
Recently cosmic-ray research has apparently 
resulted in the discovery of another elementary 
particle, the heavy electron, which has the same 
charge, either positive or negative, as the 
ordinary electron, but a larger mass. Conse- 
quently, it would seem to be more logical to 
speak of two new elementary particles (at least 
if the positron is regarded as distinct from the 
negative electron), although even this may be 
an understatement of the number, in view of the 
fact that it is not certain whether the mass is 
unique. However, in this paper in conformity 
with present practice the term “‘(heavy) elec- 
tron’’ when unmodified will refer to both positive 
and negative (heavy) electrons. The term “heavy 
electron,”’ although appropriate, is often incon- 
venient. The word “‘barytron’’ (Greek Bapus, 
heavy) has been proposed as a permanent name 
for the new particle. Another name which has 
been suggested is the ‘‘ywkon.’’ In the sequel, a 
survey of the principal evidence for the existence 
and nature of the barytron will be presented. 
The main methods of cosmic-ray investigation 
utilize ionization chambers, Geiger counters, and 
Wilson cloud chambers. The latter method offers 
the advantage of yielding precise knowledge 
about individual particles, whereas the first two 
afford statistical information concerning cosmic 
radiation. The evidence under consideration is, 
therefore, divided into two categories, which 
may be termed direct and statistical. 
Since the success of the Lemaitre-Vallarta 
theory! in explaining the latitude effect, it has 
been generally agreed that cosmic rays consist 
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predominantly of charged particles of enormous 
energy, even up to the order of magnitude of 10” 
ev. It has also been demonstrated that there 
are two components? in the cosmic radiation, one 
of which is easily absorbed and is therefore called 
soft, whereas the other, being very penetrating, is 
designated hard. It should be emphasized that 
these terms do not refer to the energy of the 
particles, but merely their penetrability. The 
soft component is now believed to consist pre- 
dominantly of electrons, but the nature of the 
particles in the hard component has not yet been 
ascertained beyond doubt. It is investigations of 
the latter component that furnish the evidence 
for the existence of the barytron. 


THEORY OF ENERGY LOSSES AND SECONDARY 
PROCESSES 


In order to study this evidence it is necessary 
to consider the theory of absorption of fast par- 
ticles in traversing matter. 


Fic. 1. Ionization chamber and associated apparatus 
used at the Bartol Research Foundation of the Franklin 
Institute. The large sphere is the ionization chamber 
which records the size of atomic bursts that originate in 
the bags of lead shot on top of the ionization chamber. 
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According to existing theory a charged particle 
in passing through matter loses energy princi- 
pally by the following processes: (1) Ionization 
by collision. (2) Emission of radiation (Brems- 
strahlung), i.e., the production of y-rays by 
close encounter with atomic nuclei, this being 
analogous to the production of general x-radia- 
tion in an x-ray tube. 

Collisions with nuclei also contribute to a 
comparatively small extent and hence have been 
neglected in the calculations. 

Theoretical formulas have been developed for 
the loss of energy by fast particles of electronic 
charge in each of these processes. Graphs of the 
energy loss as a function of the energy possessed 
by the particle are shown in Fig. 3. 

Bethe*® has calculated the loss of energy per 
unit of path due to ionization. Since the cosmic- 
ray particles are endowed with such great energy, 
these calculations must be made on the basis of 
the theory of relativity. The formula is 


4re*NZ 2m V2 
-(= =) {10 og = (1) 
mV? I(1—8?) 


Here N is the number of atoms per cm* in the 
absorbing medium, Z is the atomic number of 
the material of the medium, E is the energy of 
the particle, V its velocity, e is the electronic 
charge in e.s.u., m is the rest mass of the electron, 
8=V/c, and I is the mean ionization energy in 
ergs, which may be taken equal to RhcZ, where 
Ris the Rydberg number in cm. For very high 
energies (E>>mc?) Bethe gives a simpler formula: 


2re*NZ FE 
-(= =) = log —. (2) 


mc? 2mc?]? 


The theory of the radiative losses for a particle 
of mass M was developed by Bethe and Heitler,* 
who obtained the following formula: 


dE Zser? 
(—) = N— E®, (3) 
dx 137\ Mc? 


where 
&=4 log [2E/ Mc? ]—4/3 (4) 
or 
and 


&=4 log [183(M/m)Z—-*]4+2/9 (5) 


for E>137MeZ-. 
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Fic. 2. Balloon apparatus used at the Bartol Research 
Foundation of the Franklin Institute, showing barograph, 
batteries, cosmic-ray counting tube, radio tubes, and 
transmitter below. 


Formula (4) differs from formula (5), because in 
the former case of low energies the shielding 
effect of the extranuclear electrons on the field of 
the nucleus is negligible, whereas in the latter 
case this so-called screening must be considered. 

From Eggs. (2) and (3) an approximate ratio® of 
the radiative losses to the ionization losses may 


be obtained: 
ZE m\? 
1300mc?\ M 


— (dE/dx) rsa 

— (dE, ‘dx) ion 
This shows that the radiative losses become in- 
creasingly predominant as the energy of the 
penetrating particle increases. It is worth noting 
that the radiative losses are roughly proportional 
to Z* and the ionization losses to Z. Eq. (6) also 
indicates that the ratio of the radiative to the 
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ionization losses is inversely proportional to the 
square of the mass of the particle. 

Closely associated with the radiation produced 
by a penetrating particle is pair production, the 
creation of a pair of positive and negative elec- 
trons by a y-ray resulting from process (2). Fig. 4 
shows the production of a pair of positive and 
negative electrons in an axial magnetic field. 
Notice the different curvatures of the paths. 

On the basis of the elementary processes out- 
lined above, Bhabha and Heitler,® and Carison 
and Oppenheimer’ have constructed the cascade 
or multiplicative theory of showers. A shower is a 
rapid increase in the number of fast particles in 
a limited region. This increase is accounted for by 
the alternate occurrence of radiation and pair 
production, hence the term cascade. Thus a fast 
particle produces by process (2) a y-ray which 
moves in almost the same direction as the emit- 
ting particle. This y-ray then produces an elec- 
tron pair, which retains roughly the original 
direction. Each of the electrons may in turn 
produce y-rays, and so on until the resulting 
electrons or photons have insufficient energy to 
continue the process. A shower is shown in Fig. 5. 


THE STATISTICAL EVIDENCE 


On the basis of the theory presented above, the 
experimental results for the soft component of 
the cosmic radiation can be accounted for on the 
assumption that it consists predominantly of 
positive and negative electrons. Thus the calcu- 
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Fic. 3. Energy loss of electrons by ionization and 
radiation. The ionization loss by protons in water is shown 
for comparison. 
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Fic. 4. Wilson cloud-chamber photograph made with 
an axial magnetic field, showing the production of a pair 
of positive and negative electrons. (From J. C. Street and 
E. C. Stevenson.) 


lated intensity of this component as a function 
of altitude is in agreement with the observations, 
as is the increase of shower intensity with alti- 
tude.® This affords also an experimental check of 
the formulas stated above, which had not been 
previously obtained in this high energy range. 

But the hard component cannot be explained 
on the assumption that it consists of ordinary 
electrons which conform to the existing theory. 
Therefore, two alternative hypotheses® have been 
proposed : 

(a) The existing theory breaks down for elec- 
trons with an energy greater than some critical 
energy, E,. 

(b) The hard component does not consist of 
ordinary electrons. 


Hypothesis (a) 

It has been pointed out by various investiga- 
tors®: * that this hypothesis leads to conclusions 
in contradiction with the experimental data and 
must therefore be rejected. Nordheim!® has cal- 
culated the intensity of the cosmic radiation as a 
function of altitude at different latitudes on the 
assumption that it consists of electrons which 
conform to existing theory. He finds good agree- 
ment with observation at high altitudes, but at 
low altitudes, where the hard component com- 
prises the bulk of the radiation, a discrepancy 
exists between calculated and observed intensity. 
He concludes that the fit between the experi- 
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Fic. 5. A shower originating in a lead plate in a Wilson 
cloud chamber. (From R. B. Brode.) 


mental and theoretical curves cannot be im- 
proved by assumption (a) and that the curves 
suggest strongly the validity of the radiation 
theory up to at least 18 X 10° ev. 

The present theory gives a good representation 
of the shower phenomena both in the atmosphere® 
and in absorbing media such as lead.® In the 
latter case the theory®: ° predicts the shape of the 
transition curve, which is a plot of the number of 
showers containing a given number of particles 
as a function of the thickness of the material in 
which they are produced. 


Hypothesis (b) 


A cogent argument in support of hypothesis 
(b) is based upon the observation that the hard 
component exhibits a penetrability which is 
many times greater than that corresponding to 
an ordinary electron with any reasonable energy, 
for such electrons* would be absorbed in about 
10 to 15 meters of water, or 10 to 15 kilometers 
of normal air. The hard component, however, has 
been observed at depths of 1400 meters water- 
equivalent" from the top of the atmosphere. 
Furthermore the hard particles produce very 
few showers, which would not be the case if they 
were ordinary electrons. 

Various experiments indicate that the hard 
component obeys a mass-absorption law,” i.e., 
the absorption depends only on the intervening 
mass, and not on the atomic number of the 
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medium. By inspection of formulas (1), (2) and 
(3), it is obvious that this fact does not accord 
with the supposition that the hard particles are 
electrons. 

Nordheim!’® has accounted for the observed 
variation of cosmic-ray intensity with altitude 
at different latitudes by assuming that, in addi- 
tion to the soft component, there is a hard com- 
ponent which does not consist of ordinary elec- 
trons. It should be stated, however, that he 
uses an empirical absorption law for the hard 
component. 

Therefore, the evidence points to the conclu- 
sion that the hard component does not consist of 
ordinary electrons. 

In view of their high penetrability, and the 
direct evidence which will be presented in the 
sequel, the proposal has been made that the hard 
particles have electronic charge but a rest mass 
greater than that of an ordinary electron. (This 
should not be interpreted as precluding the possi- 
bility of the presence of other particles in the 
hard component.) 

As formula (3) indicates, the radiative losses 
are roughly inversely proportional to the square 


(+) Single particles 
Shower particles 
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Fic. 6. Energy loss of cosmic-ray particles in 1 cm of 
platinum. Note that the shower particles lose energy more 


rapidly than the single particles. (From Neddermeyer 
and Anderson."*) 
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Fic. 7. Wilson cloud-chamber apparatus. (From Street 
and Stevenson.) 


of the mass, 17. Consequently, for a given energy 
the penetrability of a heavy particle will exceed 
that of an ordinary electron. It also follows that a 
decrease in the radiation will result in corre- 
spondingly fewer secondaries and showers ac- 
cording to the multiplicative theory. This is also 
in agreement with experiment.” In fact, the 
evidence" is so striking in this respect that the 
hard component has been termed nonshower- 
producing in contrast with the soft component 
which has been designated shower-producing. 
This terminology does not imply that the hard 
particles are incapable of producings howers, but 
rather that the probability iscomparatively small. 

There is, as yet, no universal agreement on the 
basis of the statistical evidence, concerning the 
magnitude of the mass of these heavy particles. 
However Bhabha® maintains that a large number 
of experimental facts can be accounted for by 
ascribing to them a rest mass of about 100 m. 
Nevertheless, difficulties remain and he offers 
the further possibility that quantum jumps in the 
rest mass may occur, thus rendering the mass 
variable. Neddermeyer'> advanced a somewhat 
similar proposal that mass is quantized, and that 
various rest masses are possible for a particle of 
electronic charge. 


Direct EVIDENCE 


The more direct and convincing evidence for 
the existence of a new elementary particle is 
based upon the results of Wilson cloud-chamber 
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experiments. In this type of investigation, op- 
portunity is afforded for directly studying the 
nature of individual particles. Due to the de- 
pendence of the ionizing power of a particle of 
given energy upon its nature, it is possible to 
distinguish between those of various charges 
and masses. 

In a Wilson cloud chamber, in which a volume 
of gas containing a saturated vapor is adiabati- 
cally expanded to give a short interval of super- 
saturation, the ions produced along the path of a 
charged particle traversing the chamber act as 
condensation nuclei for the vapor. It is obvious 
that formulas (1) and (2) give the specific ioniza- 
tion of the gas in the chamber if one divides by 
the average energy loss per ion pair. However, the 
ionization density of a fast particle depends only 
upon its charge and velocity, and not upon its 
rest mass, according to these formulas. Hence, 


5 


(a) (b) (c) 


Fic. 8. (a) Enlarged track of a heavy particle that 
apparently tripped the counters. (b) Electron track taken 
under same conditions. (c) Track of a fresh alpha-particle. 
(Magnification 3X.) (From Brode, MacPherson and 
Starr.!”) 
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two particles of different rest masses will have 
the same ionizing power if their velocities and 
charges are the same. In principle this permits a 
determination of the velocity if the charge is 
known. 

If the momentum is known, therefore, the rest 
mass may be calculated. The value of the mo- 
mentum is furnished by the curvature of the 
path of the charged particle subjected to a known 
magnetic field, according to the formula: 


Hp= M Vc/(e(1— V?/c*)') = pe/e, (7) 


where // is the magnetic field strength, p is the 
radius of curvature of the trajectory, and p is 
the relativistic momentum. 

It should be pointed out that this method of 
determining the mass is effective only when the 
velocity of the particle is not too great, because, 
as may be seen from the curves for the proton 
and the electron in Fig. 3, at high energies the 
rate of ionization does not depend to any great 
extent on the rest mass of the particle. (The de- 
pendence on the rest mass shown in Fig. 3 does 
not contradict the statement above that the 
rate of ionization does not depend on the rest 
mass, because the abscissa in Fig. 3 is the energy, 
not the velocity of the particle.) This necessitates 
studying the path near the end of the range of the 
penetrating particle. This is accomplished by the 
use of absorbing material, and suitable coinci- 
dence counter circuits which actuate the Wilson 
cloud chamber only when the traversing particle 
is near the end of its range. 

Alternative methods" of estimating the rest 
mass utilize measurements of the range, the 
rates of change along the track of specific ioniza- 
tion and of curvature, and J/p, at least two 
quantities being necessary for a determination. 

Inasmuch as the direction of curvature is de- 
pendent upon the sign of the charge, further 
information is thus revealed by a photograph of 
a cloud-chamber track. Various clues may enable 
one to deduce the probable direction of motion of 
the particle. For example, after traversing a metal 
plate, the particle must be assumed to have 
traveled from the side of greater Hp to that of 
lesser (unless energy is gained in the plate). The 
direction of a secondary produced by a collision 
with an electron indicates the direction of the 
colliding particle. A diverging group of tracks 
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suggests, with high probability, although not 
with certainty, that each particle moved away 
from the region. Since the primary cosmic radia- 
tion originates outside the earth's atmosphere, a 
particle producing a vertical track was probably 
traveling downwards. 


Fic. 9. Wilson cloud-chamber photograph of a heavy 
track. The density of ionization in this track is about 
5.5 times that of an ordinary cosmic-ray track. The value 
of Hp=1.5X10* gives a mass of 250 times the mass of 
an electron. (From D. R. Corson and R. B. Brode."*) 


The specific ionization is determined by count- 
ing the number of droplets per unit length along 
the path after allowing the ions to diffuse some- 
what in order to render the droplets visible indi- 
vidually. This is accomplished by using the 
counter-control method of actuating the cloud 
chamber (in which case a photograph is obtained 
only when a coincidence occurs between suitably 
situated Geiger counters) in conjunction with a 
delayed expansion mechanism. It is necessary to 
apply various corrections to the data. 

It is well known that protons ionize much more 
intensely near the end of their range than elec- 
trons (Fig. 3). Up to the end of 1936 several in- 
vestigators®: '7 had reported heavy tracks in 
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Fic. 10(a). Schematic diagram of the apparatus used by 
Street and Stevenson® in obtaining the track shown in 
Fig. 10(b). The circles 1, 2, 3, and 4 are cosmic-ray counting 
tubes, L is a lead filter for removing shower particles,.and 
C is a Wilson cloud chamber which is in a magnetic field 
of 3500 gauss. The circuits were so arranged that the 
cloud chamber would be set off only if a particle passed 
through tubes 1, 2, and 3, but not 4. In this way only the 
tracks of particles near the end of their range were photo- 
graphed. 


Wilson cloud-chamber photographs of cosmic 
rays. Originally, these were regarded as due to 
protons, but Anderson and Neddermeyer® 
pointed out the importance of identifying the 
penetrating particles. 

By applying the methods considered above, 
Street and Stevenson'* and more _ recently 
others'*:'*-*° have calculated the rest mass of these 
heavy particles, and have arrived at values rang- 
ing from 110 m to 350 m. Typical approximate 
results for individual tracks are: 


Street and Stevenson 130 m 
Nishina, Takeuchi and Ichimiya 200 m 
Corson and Brode 250 m 
Ehrenfest 200 m 
Ruhlig and Crane 120 m 
Neddermeyer and Anderson 240 m 


Since the experimental errors involved are still 
large, these discrepancies do not necessarily 
indicate that more than one mass is represented 
here, although that possibility is not precluded. 


SUMMARY 


It should be pointed out that, although the 
evidence has been separated into two well- 
defined categories to facilitate presentation, 
these two lines of investigations are interrelated. 
Furthermore, they lead in general to concordant 
results, both indicating the existence of a new 
elementary particle with electronic charge and a 
mass intermediate between that of an ordinary 
electron and proton. 

The mass is not yet certain, but if it is unique, 
the results thus far point to a rest mass of the 


Fic. 10(b). Track of a heavy electron near the end of its 
range obtained by Street and Stevenson in 1937. 


order of magnitude of several hundred times the 
electronic mass. Several investigators, however, 
suggest the possibility that the rest mass of these 
particles is not unique, and even postulate 
quantum transitions of the rest mass. 

One may therefore conclude that the list of 
elementary particles has been enhanced by the 
addition of a new member, the barytron, whose 
properties, however, remain to be determined by 
future investigations. 
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Fic. 11. A beautiful stereo- 
scopic photograph made by 
S. E. Neddermeyer and C. D. 
Anderson of a Geiger-counter 
placed within a cloud cham- 
ber. A magnetic field is at 
right angles to the plane of 
the paper. The light track 
shown in the upper part of 
the picture is caused by a 
particle entering from above 
which passes through the 
glass walls and copper cyl- 
inder of the counter and pro- 
duces the heavy track shown 
below the counter. Thus we 
see the path of a particle which 
enters at a_ tremendously 
high velocity and which ac- 
tually comes to rest within 
the cloud chamber. From a 
measurement of the initial 
curvature of the particle and 
the thickness of matter trav- 
ersed before it comes to rest 
a fairly accurate estimate of 
its mass can be made. From 
these data the mass appears 
to be about 240 electron 


masses. Other reasons exist for concluding that the track cannot possibly be caused by a particle of either electronic or 
protonic mass. The specific ionization in the upper track is too great to permit describing it to an electron having the 
energy indicated by the curvature of its path. Furthermore the specific ionization is less than 1/30 of that which 
would be caused by a proton having sufficient energy to produce the curvature shown. If the track produced after the 
particle has passed through the counter were caused by an electron its energy would be 7 Mev. An electron of this energy 
would produce ionization imperceptibly different from the usual high energy particle which produces a thin track and in 
addition it would have a range of at least 3,000 cm. instead of the 13 cm actually observed. On the other hand a proton 
having the track of the curvature shown would have an energy of only 25,000 ev and a range of less than 0.02 cm. One 
must conclude, therefore, that the mass is intermediate between that of a proton and that of an electron. 


In conclusion, we wish to acknowledge the co- pictures and diagrams included in this article. 
operation of The Bartol Research Foundation of |The authors are also indebted to Dr. Thomas H. 
the Franklin Institute, R. B. Brode, S. H. Johnson and Professor G. P. Harnwell for many 
Neddermeyer and J. C. Street in providing helpful discussions. 
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Professor Arnold Sommerfeld 


ECEMBER 5 is the seventieth birthday of 
Professor Arnold Sommerfeld of the Uni- 
versity of Munich. Professor Sommerfeld has the 
reputation of being one of the foremost teachers 
of physicists in the world. A great number of our 
physicists of note have worked at one time or 
another with Professor Sommerfeld. In recogni- 
tion of the large number of American physicists 
who have come under his influence, the Decem- 
ber 1st issue of the Physical Review will com- 
memorate his seventieth birthday by a collection 
of papers written entirely by physicists who have 
studied with him. In the table of contents of this 
issue we find the following names: Linus Pauling, 
W. V. Houston, A. Rubinowicz, Léon Brillouin, 
Otto Laporte, R. Peierls, 
G. Wentzel, W. Pauli, 
]. B. Green, B. Fried, E. 
U. Condon, F. London, 
Karl F. Herzfeld, Edward 
Teller, H. A. Bethe, W. 
Heitler, Carl Eckart, 
A. Landé, Philip M. 
Morse, Pearl J. Ruben- 
stein, E. C. G. Stueckel- 
berg, H. Froehlich, and 
P. P. Ewald. 

Professor Arnold Som- 
merfeld was born De- 
cember 5, 1868 at Ké6- 
nigsberg, Germany. He 
studied mathematics and 
natural sciences at the 
University of Ké6nigs- 
berg and in 1891 te- 
ceived the degree of Doc- 
tor of Philosophy. Four 
vears later he became 
Privat-Dozent at the University of Géttingen. 
Here he came under the influence of Felix Klein 
who was then one of the strongest personalities 
in mathematical physics. After a stay of only two 
years, he became Professor of Mathematics at 
the Mining Academy of Claustal. In 1900 he was 
made Professor of Mechanics at the Institute of 
Technology of Aachen. After six years he was 
called away again and this time to one of the 
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most important positions in Europe—the Head 
of the Department of Theoretical Physics in 
the University of Munich. Since then the pres- 
tige of Munich in the field of physics has risen 
enormously, and it has been the place where 
most of the younger theoretical physicists have 
obtained their start. Everyone who has been 
there speaks with great feeling and admiration 
for Professor Arnold Sommerfeld. He has re- 
ceived countless honors, and he is a member 
of a great number of technical societies. He is a 
member of the Academy of Sciences of Munich 
and a corresponding member of the Academies 
of Sciences in Berlin, Géttingen, Vienna and 
Upsala and Foreign Member of the Royal 
Society of London. 
Professor Sommerfeld 
is perhaps best known 
for his research in the 
field of atomic structure. 
That he is just as active 
as ever is evidenced by 
the fact that Science 
Abstracts lists sixty of 
his papers in the last 
twenty years. However, 
in spite of his great 
renown in the field of 
atomic physics he has 
an entirely independent 
reputation several 
fields of applied physics. 
In 1909 he published a 
fundamental paper on 
the propagation of radio 
waves on the earth, a 
paper which had enor- 
mous influence on the re- 
search in that field. This work was generalized by 
himself and by some of his pupils to apply to di- 
rected antennas. His last paper on this subject 
was published in 1926. In 1904 he published an 
epoch-making paper on the hydrodynamical 
theory of lubrication. That this theory was very 
successful and well-liked by the engineers is 
evidenced by the fact that it is presented in 
considerable detail in the well-known textbook 
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by Féppl, Technische Mechanik Volume 6, 
Number 71. He continued work on this field and 
published a paper on this subject only a few 
years ago. In 1909 he came out with another 
important paper on the stability of laminar flow 
in tubes and pipes, applying the method of small 
oscillations to the equations of hydrodynamics. 
His pupils in this field were, among others, Hopf 
and Heisenberg who both wrote dissertations ex- 


tending Sommerfeld’s work. There is also a long 
and beautiful paper on the breaking loadsof beams. 

Thus we see Arnold Sommerfeld as a teacher, 
an outstanding physicist in the field of atomic 
structure, and as one who has provided a funda- 
mental background for many of the now very 
important fields of applied physics. Physicists 
everywhere join in celebrating his birthday and 
wishing him many returns of the day. 


Here and There 


Society of Rheology 


The Society of Rheology will hold its next meeting on 
December 28 and 29, 1938 in Pittsburgh. Most of the 
sessions will be held at the Mellon Institute. A schedule of 
events follows: 

December 28 


A.M. 9-10 Registration 
10-12:30 Technical sessions 
p.M. 12:30-2. Luncheon 
2-5 A Chemical Engineering Symposium. Joint 
session with the Industrial and Chemical 
Engineering Section of the American 
Chemical Society to be held in the Little 
Theater, Carnegie Institute of Technology 
6:30 Dinner 
December 29 
A.M. 9-12 Technical sessions 
12 M. Luncheon followed by a business meeting 


Dr. E. Ward Tillotson of the Mellon Institute is the 
chairman of the local committee and Mr. H. R. Lillie of 
Corning Glass Works is chairman of the program com- 
mittee. 


*. 


Sir William Bragg, President of the Royal Society, 
opened the Sir Robert Hadfield Metallurgical Laboratories 
of the Department of Applied Science of the University of 
Sheffield on September 14. The new extensions and im- 
provements, which were built at a cost of £30,000, repre- 
sent the first stage in a plan of development for which an 
appeal for £250,000 was made two years ago. Sir Robert 
Hadfield, chairman and managing director of Hadfield’s 
Limited, Sheffield, gave £10,000 of the £30,000 required 
and equipped one of the research laboratories at a cost of 
£2,000. He also gave £5,000 for the plans of the new 


foundation. 
Nature 
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New Appointments and Promotions 


Dr. Viktor Francis Hess, formerly Professor of Experi- 
mental Physics at the University of Innsbruck, who in 1936 
shared a Nobel prize for his work on cosmic rays with Dr. 
Carl David Anderson, of the California Institute of Tech- 
nology, has joined the faculty of Fordham University. 


* 


Photoelasticity Conference 


The eighth semi-annual meeting of the Eastern Photo- 
elasticity Conference will be held on December 10th at 
Columbia University, New York City. A symposium on 
three-dimensional photoelasticity is planned for the tech- 
nical sessions. Further information may be obtained by 
addressing R. D. Mindlin, Columbia University, New 
York City. 

* 


Science Clubs for Youths 


Organization of science clubs on a nation-wide basis to 
coordinate the scientific pursuits of American youth was 
announced today by Mr. Robert T. Pollock, President of 
The American Institute of the City of New York. Plans for 
membership and detailed instructions for organizing and 
operating science clubs for young people from 12 to 18 are 
being sent today to youth leaders, teachers, and scientists 
throughout the country. 

The new movement is an expansion of the Institute’s 
already well-established science activities in New York 
City and vicinity, comprising at present 300 clubs with 
6000 members. These clubs give life to the classroom 
science of young people by relating it to scientific research 
and giving the students opportunities for conducting inde- 
pendent laboratory projects. Science club members exhibit 
at the annual Science Fair and discuss current problems 
at the Science Congress. 
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George F. Baker Lectures 


Dr. Harold C. Urey, Professor of Chemistry at Columbia 
University, will give the George F. Baker lectures in chem- 
istry at Cornell University for the academic year 1938-1939 
in November and December. Dr. G. B. Kistiakowsky, of 
the Department of Chemistry at Harvard University, will 
be Baker lecturer in February and March, and Dr. P. W. 
Bridgman, Professor of Physics at Harvard University, 
will lecture in April and May. 

Science, October 14, 1938 


* 


Professor Niels Bohr will be in Princeton during the 
spring term of this year (January 17—May 1) at the Insti- 


tute for Advanced Study. He plans to give one formal 
lecture a week under the title ‘‘Elements and Principles of 
Atomic Theory.”’ 


* 


Necrology 


Dr. Arthur Stanley Mackenzie, from 1911 to 1931 
President of Dalhousie University, died on October 2 at 
the age of seventy-three years. From 1891 to 1905 Dr. 
Mackenzie was Professor of Physics at Bryn Mawr College 
and was later for a short time head of the Department of 
Physics at Stevens Institute of Technology. 


Some of the New Books 


Service Books for Physicists 


Demonstration Experiments in Physics. Edited by 
RICHARD MANLIFFE Sutton. Pp. 545+viii; Figs. 408, 16x 
23 cm. McGraw-Hill Company, New York City, 1938. 
Price $4.50. 


Procedures in Experimental Physics. JoHN STRONG AND 
COLLABORATORS. Pp. 642+x, Figs. 416, 16X23 cm. 
Prentice-Hall, Inc., New York City, 1938. Price $5.00. 


Scientific Encyclopedia. D. Van Nostrand Company, 
Inc., New York City, 1938. 1234 pp. Price $10. 

Physicists are particularly fortunate during the present 
vear in that books telling how to make apparatus and to 
perform experiments are appearing. The first of the books 
listed above is a collection of nearly 1200 demonstration 
lecture experiments for the use of teachers of physics and 
general science. The book was prepared under the auspices 
of the American Association of Physics Teachers and in- 
cludes contributions from two hundred physicists in one 
hundred thirty-one institutions. Emphasis in general has 
been placed upon the use of very simple apparatus and 
procedure. The book is divided into six parts covering each 
of the following divisions of physics: Mechanics, Wave 
Motion and Sound, Heat, Electricity and Magnetism, 
Light and Atomic and Electronic Physics. Each of these 
fields is covered in a uniform way so that lecture demon- 
strations are described for nearly every principle of physics. 
In the introduction it is stated that this book is very much 
like a ‘‘cook book"’ for those who need to demonstrate 
physical experiments. It seldom tells exactly how an experi- 
ment should be performed. It does not state whether a 
particular demonstration is exceptionally good or bad. 
It merely suggests a large number of ways in which a 
certain principle may be demonstrated and allows the 
person using the book to make his own choice. The book 
makes no attempt to provide working drawings for any of 
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the experiments; however, many of the experiments are 
illustrated and with some ingenuity most of them can be 
duplicated. Physics teachers and others needing sugges- 
tions for demonstrations will find this book exceedingly 
useful. One might easily say that they have been waiting 
rather impatiently for it to appear. This book is so useful 
that it seems very ungenerous to offer any criticisms, yet 
the reviewer does not feel that the book is produced in as 
good a style in a mechanical way as some of the German 
books covering the same kind of material. For instance, the 
book is not nearly as attractive as those by R. W. Pohl 
which are published by Julius Springer. It is true, of course, 
that the German books are more expensive and perhaps one 
should hardly compare Dr. Sutton’s book which sells at 
less than one cent a page with the German books which 
sell for two or three cents a page. The book is well indexed 
and serves its purpose very well. 

The second book listed is a manual of procedures in 
experimental physics. The range covered in the book is 
evident from the table of contents which includes glass 
blowing, optical polishing and grinding, high vacuum 
technique, the use of fused silica, electrometers, Geiger 
counters, thermopiles, light sources and filters, photo- 
elastic cells, amplifiers, photography, high temperature, 
research materials, construction and design, and molding 
and casting. In merely paging through the book one is 
immediately struck by the extraordinarily fine drawings 
and sketches. These sketches were prepared by Roger 
Hayward and they contribute enormously to the useful- 
ness of the book. The drawings are usually in perspective 
and show every essential! detail. One is pleased to see that 
the essential parts of each instrument are pointed out by 
the use of words such as ‘‘;;-inch Shelby steel tubes’’ 
rather than by a letter and a reference to the text. Every 
part of each instrument is well labeled. It would be difficult 
to praise this book too highly. Its coverage of material is 
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excellent, the instructions are clear, and the book is 
beautifully manufactured. The author and collaborators 
and the publisher are to be congratulated in producing 
such a fine book. 

The third book is not intended primarily for physicists. 
It is a scientific encyclopedia covering aeronautics, astron- 
omy, botany, chemistry, engineering, geology, mathe- 
matics, medicine, mineralogy, navigation, physics and 
zoology. The contributing and consulting editors in the 
field of physics are LeRoy D. Weld, Erich Hausmann, and 
Edgar P. Slack. The book seems to have made a very good 
coverage of physical terms. For instance, if one opens the 


book at random he finds described within a few pages, 
mirage, mirrors and lenses, modulation, modulus of elas- 
ticity, molecular rays, molecular spectra, molybdenum 
and its properties, moment, moment coefficient, moment 
of inertia and momentum. Assuming the same density of 
coverage on the other pages, there seems to be no question 
but that most physics terms are included. When one looks 
at a particular topic such as molecular spectra one finds 
that the description is rather complete although in many 
places the English is poor. It seems to the reviewer that 
this book is a very useful one and on the whole seems to 
be very well produced.—E. H. 


Mathematical Biophysics. N. RAsHEvsky. Pp. 340+ xvii, 
Figs. 83. University of Chicago Press, Chicago, 1938. 
Price $4.00. 

This book is primarily a presentation of the theoretical 
work which has been published by the author and his 
students during the past ten years. Professor Rashevsky 
takes as the goal of mathematical biophysics the derivation 
of all properties of various cells from a few fundamental 
postulates, and he vigorously defends his right to solve 
problems which are simpler than reality. The book will, 
however, be difficult reading for a biologist without con- 
siderable mathematical and physical experience, and it can 
scarcely be called an introduction to biology for the 
physicist. 

In Part I fundamental concepts of physics are applied to 
an idealized living cell. The emphasis is placed on the 
diffusion of the substances consumed and produced by the 
reactions inside the cell, and the resultant mechanical 
forces. These ideas are then applied to nucleated cells and 
to cell aggregates. No one will question the operation of 
these physical principles in living cells, but there are not 
sufficient experimental data available to prove that these 
particular phenomena are as important as is predicted. 
Data on cell respiration are explained, but there are no 
independent determinations of the mechanism or the values 
of the constants which are chosen. It is more impressive 
that the conditions necessary and sufficient for a metaboliz- 
ing cell to divide are fulfilled at about the diameter of an 
average cell. The predictions that cells having abnormally 
high glycolysis should divide rapidly and that rapidly 
dividing cells should be mutually repulsive agree with 
observations on cancer cells. 

The electrical excitation of nerve and the conduction of 
the nerve impulse are considered in Part Il. The vatious 
excitation phenomena are explained in terms of excitation 
and inhibition effects which are defined by two simul- 
taneous differential equations. Although, in contrast to 
Part I, these equations are not the expressions of funda- 
mental physical concepts, when they are introduced into 
the Kelvin cable equation a constant terminal velocity 
of the correct order of magnitude is predicted for the 
nerve impulse. In Part III the same type of excitation and 
inhibition analysis is considerably extended for application 
to the much more complex problems of the central nervous 
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system. These lead finally to formulations of conditioned 
reflexes, gestalt-problems, and rational thinking and learn- 
ing. 

Undoubtedly experiments and further analysis will re- 
quire numerous and perhaps extensive alterations of Pro- 
fessor Rashevsky's theories, but it seems probable that 
he has contributed to the foundations of biophysics and it 
is to be hoped that both biologists and physicists will be 
actively interested in this work. 

KENNETH S, COLE 
Columbia University 


Combustion, Flames and Explosions of Gases. BERNARD 
LEWIS AND GUENTHER VON ELBE. Pp. 415+xiii, Figs. 79, 
14X22 cm. Macmillan Company, New York City, 1938. 
Price $5.50. 

In explanation of an underlying purpose the authors 
state in the preface: ‘‘The interest in combustion phe- 
nomena, shared alike by chemists, physicists and engineers, 
has led to a large number of investigations which vary 
widely in purpose and accomplishment as well as in disci- 
plines of natural science on which they are based. There 
has been need of coordination and critical appraisal of the 
literature that has grown in volume and complexity. This 
the authors have attempted to do.”’ 

They further state, in explanation of a certain tendency: 
‘*To the question whether speculation, based on plausible 
interpretation of chemical and physical facts, is profitable, 
the authors answer that they believe in its value as a 
stimulant to further research. This, at any rate, has been 
the experience in the development of our sciences. Conse- 
quently, they have not hesitated to express rather definite 
views on a number of highly controversial subjects. It has 
been their endeavor to develop the reasons for these views 
as completely as possible in every case. They cannot em- 
phasize too strongly that they welcome disagreement 
based on logical alternatives.”’ 

The subject matter under four main divisions has been 
subdivided into chapters and appendices as follows. Part | 
—Chemistry and kinetics of the reactions between fuel 
gases and oxygen. (1) Theoretical foundations, (2) The 
reaction between hydrogen and oxygen, (3) The reaction 
between carbon moroxide and oxygen, (4) The reaction 
between hydrocarbons and oxygen, (5) Emission spectra 
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and ionization in the flame front, (6) The problem of 
ignition by sparks. Part I1l—Propagation of flames. (7) 
Limits of self-propagation of flames (limits of inflamma- 
bility), (8) The recording of flame movement and pressure 
development, (9) Spherical flames, (10) The influence of 
vessel shape and gas motion on flame propagation, (11) 
Stationary flames, (12) Theory of the burning velocity, 
(13) Diffusion flames, (14) Detonation, (15) Flames in 
electric fields. Part I1I—State of the burnt gas. (16) Ther- 
modynamic functions of gases from band spectroscopy, 
(17) Explosions in spherical vessels with central ignition, 
(18) Freely expanding spherical flames, (19) Temperature 
and radiation of the burnt gas. Part IV—Problems in 
technical combustion processes. (20) Industrial heating, 
(21) Internal combustion engines. Appendix A—Data for 
thermochemical calculations, Appendix B—Limits of in- 
flammability and Appendix C— Flame temperatures. 

Much attention has been given to the type of reactions 
known as chain reactions, by means of which many proc- 
esses are explained on consistent bases, and without which 
certain phenomena are unexplained; for instance, the 
transfer from a nonexplosive reaction in a hydrogen-oxygen 
mixture at 550°C at certain pressures, by mere lowering 
of the pressure, to an explosive reaction. 

To the reviewer and to many other physicists presum- 
ably, hydrogen and oxygen have reacted to form water 
vapor in accord, looking apart from energy transfers, with 
the simple formula 2H;+O,.—2H,0O. It is therefore with 
much surprise that we find that those who work in the field 
described in this book find it necessary to give considera- 
tion to at least fourteen different types of elementary 
reactions. Of these some are “‘chain propagating’’ others 
“chain branching” still others ‘chain breaking.’’ About 
half of the fourteen are thought to be of significance. 
Reactions between carbon monoxide and oxygen and 
between hydrocarbons and oxygen are found to be equally 
bound up in ‘‘chains.”’ 

The section on the propagation of flames is illustrated 
by numerous photographs, many of which were obtained 
by high speed photography. They have served in the deter- 
mination of burning velocities and in checking theories of 
flame propagation. 

The section on burnt gases is concerned with the thermo- 
dynamics of band spectra and its application to explosions 
in spherical vessels, their temperatures, pressures and 
dissociations. Here, as elsewhere in the book, a large 
amount of data is coordinated. The method of measure- 
ment of flame temperature by the “‘line reversal'’ method 
is described well. Many flame temperatures are reported. 

The section’ on interval combustion engines treats of 
the common automobile-type, referred to as the Otto-type, 
and of the Diesel. Their indicator diagrams and plates 


showing thermal efficiencies as functions of compression 
ratio, and of the air content of the gasoline-air mixture are 
included. 

The appendices are particularly fine. 

That some points will need attention when a revision is 
considered is to be expected. To illustrate: (1) Since there 
are references to other portions of the book by chapter 
numbers, such chapter numbers at the top of each page 
would be appreciated. (2) Since one does not always desire 
to read a chapter or a book from the beginning when 
referring to it, a table at the beginning defining the symbols 
commonly used would be a great help. (3) Since tables and 
figures are the main source of precise data that are reported 
and of conclusions reached, the tables and figures should 
have sufficient explanatory matter in associated legends so 
that many of the essential facts may be gained by one 
with a reasonable background without his having to study 
over many pages of printed matter to obtain the meanings 
of the symbols and their general relation. Of course, the 
book cannot be written wholly as legends, but much more 
than has been can be so written profitably in this book. 
In Appendix C one wonders on what percentage basis 
combustibles are rated. Must the uninitiated read the book 
or the references to be certain? The authors have generally 
been quite careful regarding the use of units. A slip on 
p. 274 with regard to R may be noted. Whether for one 
mole or two moles, it is the same R. 

The book contains a great amount of information which 
seems to be well explained and well coordinated. So far as 
the reviewer knows, it stands pretty much alone in its 
field. Despite the complaints which have been cited, the 
book well deserves very high respect. It will be much used. 

A. G. WORTHING 
University of Pittsburgh 


Inventions and Their Management. A. K. BERLE AND 
L. S. pE Camp. Pp. 733+xiv, Figs. 100, 14X22 cm. 
International Textbook Company, Scranton, Pennsyl- 
vania, 1937. 

The authors of this book state in their preface that 
invention is a business and that he who would be successful 
must know the rules, This philosophy runs through the 
entire book. It is planned to help anyone who has some- 
thing to do with inventions. It considers such things as 
the history of invention, procedure and records, the U. S. 
Patent Office, novelty and utility, selection of an attorney, 
patent drafting, promotion and sale and finally infringe- 
ments. Each subject is illustrated by a case history. This 
book ought to be very helpful to physicists who ordinarily 
know so little about patents and their management. It 
remains to be mentioned that this book is very attractively 
printed and bound and contains a 36-page index. 
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The Evaluation of Yield Value With the Sphere Viscometer 


Joun C. WILLIAMs AND ELtis I. FULMER 
Department of Chemistry, Iowa State College, Ames, Iowa 


(Received July 25, 1938) 


Various methods and formulas for determining yield value have been critically reviewed and a 
method is proposed for determining the yield value by means of the sphere viscometer. 


ULAKOFF® compared the viscosities and 
vield values obtained for peat solutions by 
the use of three instruments, the capillary tube, 
the rotating cylinder and the moving sphere 
viscometers. Values determined with the first 
two instruments checked reasonably well with 
each other; but they did not agree with those 
from the sphere viscometer. Kulakoff stated that 
the poor showing of the latter was due to the 
following two factors. First, the method of 
Skrjabin,’’ which he employed, involves veloci- 
ties for which the Stokes law equation does not 
apply. Second, the formulas for the calculation 
of yield value given by Schischtschenko and 
Baklanow" are approximate. It is the purpose of 
this communication to consider the method of 
calculation of the vield value from data obtained 
with the sphere viscometer. 
The flow of a true liquid is represented by the 
equation 


F=Ndv dx, (1) 


in which F is the shear force per unit area, .V is 
the viscosity and dv dx is the change of velocity 
with distance at right angles to the direction in 
which the force is applied. For plastic fluids, 
Bingham® proposed an analogous equation 


F-f=N'dv/dx, (2) 


where .V’ is consistency, corresponding to vis- 


cosity and f is force per unit area, the yield value, 
which must be exceeded before motion occurs. 


760 


Eq. (2) has not been integrated for the sphere 
viscometer as far as the present authors are 
aware. Buckingham! and others have carried out 
the integration for the capillary viscometer. In 
obtaining yield value with the capillary instru- 
ment, the volume extruded in unit time, Q, is 
plotted against the pressure applied per square 
centimeter, P. The resulting curve is extrapolated 
to zero Q and the yield pressure, P,,, so obtained 
is converted to yield value by the relation be- 
tween pressure and shearing force at the wall of 
the capillary tube 


f=P.r/2l. (3) 


Here r is the radius of the capillary and /7 its 
length. The extrapolation is illustrated in Fig. 1. 
The equation of Buckingham shows that the 
curve bends towards the origin at low pressures; 


Fic. 1. The capillary viscometer. 
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so this method of obtaining yield values gives a 
first approximation rather than an exact deter- 
mination. 

Skrjabin'® attempted to measure yield values 
of peat solutions with the sphere viscometer. 
A method somewhat analogous to that discussed 
for the capillary viscometer was employed. The 
velocities of various spheres of fixed radius, mov- 
ing axially in a given cylinder, are plotted against 
difference in density between sphere and medium 
and an extrapolation made to zero velocity. The 
(dy—d,) intercept, Ao, in the notation of Kulakoff, 
is the difference in density which just causes the 
sphere to overcome the yield value; or, at this 
point Eq. (2) becomes 


(4) 


The method of transforming A» to yield value 
will now be discussed. Lamb" has shown the 
shearing force, F, at the equator of a sphere 
moving through infinite medium to be 


F=(3)NV/r, (5) 


in which JN is the viscosity, 1’, the velocity of the 
sphere and r, its radius. This equation has been 
employed by Phipps,” Barr? and De Waele® as 
well as in the method under discussion. The 
Stokes law equation may be written 


(3) (6) 


in which g is the acceleration due to gravity. The 
conditions under which Eq. (6) applies have been 
discussed by a number of authors, e.g. Barr.? 
Combining Eqs. (5) and (6), the following equa- 
tion is obtained: 


F=((d2—d,)gr)/3. (7) 


As mentioned above, when (d2:—d,;) equals Ao, 
Eq. (4) applies, and Eq. (7) becomes 


f= (Agr) /3. (8) 


This equation was proposed by Schischtschenko 
and Baklanow and employed by Skrjabin and 
Kulakoff. 


On the assumption that a linear relation exists 
between V and (dz—d;) in a plastic fluid, as 
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shown in Fig. (2), Skrjabin wrote Stokes law 
equation in the form 


N= (2/9) ((dg—d,— Ao) gro?) /V. (9) 


Kulakoff did not find this assumption valid, al- 
though there are reasons for considering his 
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Fic. 2. The sphere viscometer. 


results to be indecisive. Even if the relation is 
not linear, this does not invalidate the utility 
of the concept of Av. 

There are several objections to the formula of 
Schischtschenko and Baklanow, Eq. (8). The 
first of these was mentioned above, that Kulakoff 
found the yield values obtained to be out of line 
with those from the capillary and Couette vis- 
cometers. Kulakoff, however, worked at ve- 
locities above those for which the Stokes law 
equation applied. In the second place, the equa- 
tion of Lamb gives the shear force only at the 
equator of the sphere, where it is a maximum, 
and in infinite medium. Finally Stokes law equa- 
tion also does not apply except in infinite me- 
dium ; if it is to be employed, it must be corrected 
for the wall effect. 

The neglect of the wall correction is a serious 
error in a sphere viscometer of laboratory dimen- 
sions. Ladenburg'® derived the following equa- 
tion for the effect of the walls on the velocity of 
the sphere, 


V(1+2.4r/R) =V., (10) 


in which R is the radius of the cylinder, V is the 
observed velocity and V’.. is the velocity in infinite 
medium. A second equation for the effect of the 
ends of the tube was proposed; recent work by 
Bacon,' however, shows that the influence of the 
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ends may be neglected if the sphere is timed over 
the middle third of the cylinder. Eq. (10) has 
been shown to fail for values of r/R greater 
than 0.1. Empirical equations to cover a greater 
range have been proposed by Sheppard,’ Suge,!? 
Barr,? Francis,? and Fulmer and Williams.’ 
Faxen® from theoretical considerations derived 
the equation 


fu =1—2.104(r/R) +2.09(r/R)5 


—0.95(r/R)®, (11) 


where f,, the wall factor, is to be multiplied into 
the viscosity as calculated from the Stokes law 
equation. This equation applies when the follow- 
ing terms are negligible compared to unity, R2, 
Rr, R)*, (ry, and Ré(r/R). R, here represents 
the Reynolds number 


R,= (2vrd,/N). (12) 


Eq. (11) has been verified over a wide range of 
viscosities by Bacon.! 

It has been indicated that the maximum shear- 
ing force at the equator of the sphere, as calcu- 
lated by Eq. (6), is not wholly applicable to the 
present problem. To test this equation, observa- 
tions on the fall of a sphere in an anomalous 
liquid are needed. Such observations were made 
by Sheppard®® with a nitrocellulose solution. His 
results, which have been recalculated employing 
Faxen's wall correction, are given in Table I. For 
ease in handling the data as presented, apparent 
viscosity calculated according to the Stokes- 
Faxen equation is taken as f,./r? where fis the time 
of fall over the measured distance, the shear 
force as calculated by Lamb's equation is f,.7, etc. 
The apparent viscosity is shown plotted against 
shear force from Lamb's equation in Fig. 3. The 
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SHEAR FORCE BY EQUATION (5) 


Fic. 3. A nitrocellulose solution, data from Sheppard. 
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SHEAR FORCE BY EQUATION (i4) 


Fic. 4. A nitrocellulose solution, data from Sheppard. 


spread of the points indicates that the true shear 
force has not been found. 

Phipps" also found Lamb's equation to fail. 
Fig. 5, which demonstrates this, is reproduced 
from this author’s paper. Only one sphere size 
was employed and the shear force was varied 


TABLE I. A nitrocellulose solution; data from Sheppard. 
In this table quantities proportional to viscosity and shear 
force are given. 


LAMB 


SHEAR FORCE 


P. AND R. 
SHEAR FORCE 


Fall distance = 19.5 cm; r=0.3170 


0.33 | 0.375 | 110.5 | 4.16 |. 0.119 | 0.0594 
0.25 | 0.506 | 75.0 | 3.81 | 0.160 | 0.0535 
0.20 | 0.596 | 63.6 | 3.81 | 0.189 | 0.0473 
0.16 | 0.673 | 57.2 | 3.87 | 0.213 | 0.0427 
0.14 | 0.710 | 53.1.) 3.79 | 0.225 | 0.0375 
0.13 0.730) 51.0 3.74 0.231 0.0331 
O.11 | 0.772 | 50.1 | 3.89 0.244 | 0.0306 
0.10 | 0.792 | 49.5 | 3.94 0.251 | 0.0279 
0.091 0.810 | 48.9 | 3.98 | 0.257 | 0.0257 
0.085 | 0.826 48.2 4.00 | 0.262 | 0.0238 
0.077 0.840 | 47.8 | 4.03 | 0.266 | 0.0222 
r=0. 4762 

0.33 | 0.375 | 38.2 | 3.25 0.169 0.0940 
0.25 0.506 294 3.38 0.241 0.0804 
0.20 | 0.596 | 25.1 | 3.39 0.284 0.0709 
0.16 | 0.673 23.2 | 3.54 0.320 0.0641 
0.14 | 0.710 | 22.0 | 3.54 0.338 0.0564 
0.13 0.730 21.1 3.49 | 0.348 0.0497 
0.11 | 0.772 | 20.9 3.66 | 0.368 0.0460 
0.10 0.792 | 204 3.66 | 0.377 0.0460 
0.091 0.810 | 20.6 | 3.78 0.386 0.0386 
0.083 0.826 | 20.5 | 3.84 | 0.393 | 0.0358 
0.077 | 0.840 | 204 , 3.89 | 0.400 | 0.0308 
r=0.635 

0.33 | 0.375 23.1) 3.49 0.238 0.1190 
0.25 0.506 16.2 3.31 0.321 0.1070 
0.20 0.596 13.1 | 3.15 0.378 0.0946 
0.16 0.673 12.0 | 3.26 0.427 0.0855 
0.14 0.710 11.9 3.41 0.451 | 0.0752 
0.13 | 0.730 | 11.8 | 3.47 0.464 | 0.0662 
0.11 | 0.772 | 11.6 | 3.61 0.490 0.0613 
0.10 | 0.793 | 114 3.64 0.503 0.0559 
0.083 | 0.826 | 11.2 | 3.73 0.524 0.0477 
0.077 | 0.840 | 11.1 | 3.76 0.534 | 0.0444 

| | 
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by changing the density of the 200 T 
sphere. The shear force indicated | 
for the capillary tube was the | 
maximum, at the walls of the , 
capillary, calculated by Eq. (3). - | 
Pasynskii and Rabinovich” 6 
have proposed the following 
equation for theestimation of the 
velocity gradient in the sphere ead | 
viscometer i | | 
| 
dv/dx=V/(R—-r). (13) 
< 40 t 
Capillary Viscometer 
They state,: ‘In nitrocellulose a | 
solutions higher values are ob- “Feguation | 
tained by means of falling O 400 600 1200 1600 2000 2400 2800 3200 3600 


sphere than by the capillary 

method, yet it is possible to pro- 

ject both kinds of data on a 

common curve by disposing points according to 
their gradients of velocity.’’ Eq. (13) may be 
transformed to terms of force by substituting in 
Eq. (1). This gives 


F=Nov/(R—r). (14) 


The results of Sheppard are brought into agree- 
ment by employing Eq. (14) to calculate shear 
force; this is shown in Fig. 4. A re-examination 
of Phipps data* also confirms the statement of 
Pasynskii and Rabinovich that it is possible to 
project data from the sphere and capillary vis- 


* Note on the recalculation of Phipps data. Numerical 
data were not given by Phipps and the following values 
were read from the curve presented. 


| RECALCULATED VALUES 
SHEAR FORCE SHEAR FORCE 
SPHERE N (LAMB) N (P. & R.) 
R=1.500 cm; r=0.1587 cm 

Bakelite 162 10 160 0.79 
Ivory 94 40 93 3.16 
Glass 87 50 86 3.94 
Tin 56 260 55 20.50 
Steel 55 280 54 22.10 
Copper 54 310 53 24.40 
Silver 53 390 52 31.60 
Tantalum 49 640 48 50.50 


To eliminate the Ladenburg correction (wall and end) 
and substitute the Faxen correction, viscosity values are 
multiplied by 0.986. To change shear force calculated by 
the Lamb equation to that given by Eq. (14), since 
NV/(R—-r)=3NV/2r(r/(R—r)-3), all shear force values 
must be multiplied by 0.079. 
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SHEAR FORCE 


Fic. 5. Phipps data on cellulose acetate. 


cometers on a common curve; this is demon- 
strated in Fig. 5. 

There are thus two lines of evidence on the 
validity of Eq. (14). The data of Sheppard show 
that the equation correctly represents the effect 
on the shear force of varying the radius of the 
sphere. The data of Phipps give presumptive 
evidence that the equation represents maximum 
shear force per unit area equivalent to that calcu- 
lated by Eq. (3) for the capillary viscometer. 
(However, since the two portions of the corrected 
curve in Fig. 5 no longer overlap, it is not pos- 
sible to say that exact equivalence has been 
established.) 

It is now possible to calculate yield values from 
data obtained from the sphere viscometer. Sev- 
eral points in regard to this calculation must be 
kept in mind. First, in media where deviation 
from true fluidity is great, Eqs. (3) and (14) will 
undoubtedly give divergent values. Second, since 
the shear force in the sphere viscometer is much 
less, in general, than that at which the capillary 
viscometer is conveniently operated, the method 
of determining a first approximation to the yield 
value with the capillary, which was described 
above, will give a higher yield value than that ob- 
tained with the sphere viscometer. Finally the 
restrictions in regard to Reynolds number im- 
posed by the Stokes-Faxen equation must be 
taken into account. 

Combining the Stokes law equation and the 
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Faxen wall correction with Eq. (14), the following 
expression is obtained. 


(15) 


‘when (d2—d,) equals Ao, F=f, as in the previous 
derivation. Therefore 


f=(2/9) Aofu/(R—-r). (16) 


It was intended to consider the results of 
Kulakoff in terms of Eq. (16). Computation of 
the Reynolds number involved in the determina- 
tions shows, however, that neither the Stokes or 
Oseen equation is applicable. 


In summary, a method has been proposed for 
the determination of yield value using the sphere 
viscometer. The procedure is briefly as follows. 
The velocity of fall, V, of spheres of identical 
radius but differing density is determined in 
cylinders of identical radius. The values of V are 
plotted against values of (d2—d,). The resulting 
graph is extrapolated to zero velocity. This 
intercept is designated as A» and is transformed 
into yield value by means of Eq. (16). 

The authors wish to acknowledge receiving a 
number of references from E. C. Bingham. 
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Clean-Up and Pressure Effects in Low Pressure Mercury Vapor Discharges: 
A Reversible Electrical Clean-Up of Mercury 


Cart Kenty 
General Electric Vapor Lamp Company, Hoboken, N. J. 
(Received May 21, 1938) 


Studies with the ionization gauge reveal that in a positive 
column discharge in Hg vapor at low pressure there occurs 
a type of reversible electrical clean-up in which, under 
equilibrium conditions, a large and continuous exchange of 
Hg takes place between the space and the walls. The 
amount of Hg held temporarily in this way on the walls 
may be several times that in the gas phase. Thus if the 
current is suddenly stopped, the pressure may rise momen- 
tarily to several times its normal value; while if it is sud- 
denly raised from a low value to a high one the lowering of 
the pressure may be so extreme as to cause surges across the 
are or extinction of the are (common occurrences during 
the starting of the Cooper Hewitt lamp). Evaporation from 
and condensation on free Hg surfaces, if these are at all 
limited in extent, are not rapid enough to prevent the 
effects. Electrophoretic and pressure effects are shown to 
be of great importance in these experiments. Thus in 
equilibrium, in a 2.1 cm tube, 1 m long, the pressure at the 
anode end was double that at the cathode end when the 
current was 2 amp. (mean pressure about 1 micron). This 
result is shown to be sufficiently accounted for by Lang- 
muir’s theory of the positive pressure effect. A method 
for calculating the drift speeds of ions and of the neutral 
gas in special cases is described. In the present case, a 
considerable drift of neutral gas is shown to take place 
under electron impacts towards the anode which compen- 
sates for the motion of the ions in the field. The initiation 
(due to clean-up) and phenomena of isolated surge regions 
in long tubes are discussed. These regions of aggravated 
low pressure which are usually situated toward the anode 
end of the tube, are plainly distinguishable by their rela- 
tively weak and reddish luminosity. Also the surges are 
evidenced by a sharp hissing noise which emanates mainly 
from the inductance. On suddenly stopping an arc in a tube 
at 185°C, the Hg which came off the wall spontaneously 
afterward appeared to have a mean life (7) on the wall of 


about 4 min. 7 did not appear to vary rapidly with the wall 
temperature nor did the amount of Hg (Q) so coming off. 
Q did not vary nearly as rapidly as the positive ion current 
to the walls. Assuming the clean-up to be due to these ions 
striking the walls, this and other more direct evidence 
indicate that Hg is dislodged by ions striking the walls as 
well as cleaned up thereby and that it is largely the balance 
between these two effects which determines the equilibrium 
amount of Hg held reversibly on the wall. The reversible 
clean-up here described is probably of considerable impor- 
tance in all practical low pressure Hg discharge devices 
wherein rapid changes of current occur. In addition to this 
so-called reversible part of the clean-up, a much larger 
amount of cleaned up Hg was found which could only be 
recovered by heating. If the heating were carried out in 
stages, a quantity of Hg came off with each rise in tem- 
perature in such a way as to suggest that the Hg is held 
with varying degrees of binding. A clean-up on an iron 
surface was found similar to that on a glass or quartz sur- 
face. A tube containing unsaturated Hg vapor when 
strongly irradiated with the Hg resonance lines failed to 
show any clean-up from which it is inferred that the clean- 
up here described is not due to excited or metastable atoms. 
Careful tests with a McLeod gauge showed that gases 
other than Hg were not appreciably involved in the present 
experiments. The observations can be sufficiently accounted 
for on the tentative theory that ions penetrate into the 
walls to varying distances or to positions of varying 
stability, by virtue of their relatively high energies (15 
volts or more), where they are held for greater or shorter 
lengths of time, according to their effective degrees of 
binding, until they escape as a result of random heat 
motions occurring either at the original wall temperature 
or at temperatures artificially elevated either in the oven 
or locally by ion bombardment. 


HE gradual disappearance or clean-up of gas 

in a low pressure discharge tube and the 
possible recovery of at least part of this gas 
through the application of heat is well known. 
In the present paper a clean-up in Hg vapor is 
described, part of which is reversible in character, 
and as a result of which there is a continuous 


1 Summaries of many important papers on this subject 
will be found in books on high vacuum technique, of which 
may be mentioned those of S. Dushman, L. Dunoyer, F. H. 
Newman and G. W. C. Kaye. See also W. v. Meyeren, 
Zeits. f. Physik 84, 531 (1933); 91, 727 (1934). 
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exchange of Hg atoms? between the walls and the 
space.’ In equilibrium an amount of Hg is built 
up on or in the walls by the action of the discharge 
such that under this action, Hg leaves the surface 
as fast as it is lodged there. The amount of Hg 


2 The Hg is thought of as going on the wall as ions, and 
coming off probably at least in large part as neutral atoms 
(see below). 

3k. C, Mason, J. App. Phys. 9, 131 (1938), has recently 
described the clean-up of Hg ions in an ionization gauge. 
His observations agree well with those here reported. 
(His reference 4, to my work, was meant to apply to the 
present paper.) 
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Fic. 1. Experimental tube. F: Cathode, A: Anode, 
Ga, Gi, Ge: lonization gauges. B;, B.: Hg appendices. E: 
to liquid-air trap, McLeod gauge, Hg cut-off and pump. 
Distance between G; and Gz: 100 cm. Diameter of this 
section of tube: 2.1 cm o.d. 


thus reversibly held on the surface may be many 
times that in the gas phase. As a result of this 
phenomenon, if the arc current is suddenly 
increased, a marked pressure reduction will take 
place before evaporation from free Hg surfaces 
can make good the loss; on the other hand if the 
current is suddenly decreased a marked increase 
in pressure will result due to Hg coming off the 
walls. 


EXPERIMENTAL 


It was shown in the previous paper“ that within 
a few hundredths of a second after a discharge 
of several amperes is started in a 2.5-cm arc tube 
containing only Hg vapor saturated at room 
temperature, the current decreases markedly and 
surges develop across the arc. In order to study 
the possible role of vapor pressure changes in 
these phenomena, the tube of Fig. 1 was con- 
structed following lines suggested by Dr. K. T. 
Compton. Here ionization gauges of the Dush- 
man-Found* type are placed as shown. B1 and 
B2 are Hg appendices which can be kept at any 
desired temperature. F is a 25 mil W spiral 
cathode and A a cylindrical Mo anode. The tube 
was well baked out under exhaust and the metal 
parts degassed. 

In some experiments, the cathode bulb of 1 
liter capacity was surrounded by a water bath 
to prevent undue heating and dislodgement of 
gas therefrom. The tube was kept under con- 


#S. Dushman and Clifton G. Found, Phys. Rev. 17, 7 


(1921). 
# Kenty, J. App. Phys. 9, 705 (1938). 
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tinuous exhaust at all times with a liquid-air 
trap between the tube and the pump. However, 
many careful tests were made with the tube 
closed off from the pump by a Hg cut-off with 
and without liquid air on the system and using a 
McLeod gauge which showed that the pressure 
effects to be described did not involve water 
vapor or any other gas except Hg vapor. The 
appendices were always kept at a temperature 
below that of the room in order to prevent any 
Hg from condensing in the tube. 

During the experiment, a small ‘‘keep alive” 
arc of 20 milliamperes was usually kept running 
in the tube. When the current was suddenly in- 
creased to say 0.9 amp., a very marked pressure 
decrease (90 percent) was noted at the anode end 
as shown in Fig. 2, curve A.> At the same time 
a smaller decrease in pressure was noted at the 
cathode end of the tube as indicated by G; and 
Ga (Fig. 2, curves B and C). That the pressure 
did not drop as low at the cathode end of the 
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Fic. 2. Pressure in tube of Fig. 1 as a function of the 
time; A: at anode end. B: At cathode end. C: At cathode 
bulb. At time O, current is increased from 20 ma to 0.9 
amp. At time 100 sec., current is reduced again to 20 ma. 
Appendix temperature 16.5°C (0.89 micron). 


5 Because of lag in the gauge, the true pressure drop was 
probably greater than indicated. 
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tube as at the anode end is reasonable since the 
appendix is at the cathode end. 

In the case to which Fig. 2 refers, the arc 
current rose from 20 ma to an equilibrium value 
of 0.9 amp. in about 2 seconds. As the figures 
show the vapor pressure, after reaching a 
minimum 5 or 10 seconds after the current in- 
crease, gradually rose to equilibrium values 
which were quite different at the two ends of the 
tube. 

At the cathode end this pressure was somewhat 
below normal, presumably due to a certain 
amount of more or less permanent clean-up 
which was taking place, probably mostly in the 
cathode bulb where the ion velocities were rela- 
tively high due to the large cathode drop. At the 
anode end the pressure reached an equilibrium 
value which was about twice normal. This 
pressure effect or electrophoresis will be dis- 
cussed below. 

After waiting about 13 minutes till the 
pressure had reached equilibrium, the current 
was reduced again suddenly to 20 ma whereupon 
the pressure in the tube rose quickly to a 
maximum (about 100 percent above normal at 
the anode end, Fig. 2, curve A) and then sub- 
sided to normal value. These effects can be 
explained if Hg vapor is cleaned upon the walls 
by the discharge only to be released again after 
the discharge is shut off. 


THE PosITIVE PRESSURE EFFECT 


The above experiment shows that if the tube 
is allowed to come to equilibrium, the pressure 
at the anode end is considerably higher than at 
the cathode end. This is a manifestation of the 
positive pressure effect. discovered by Ham- 
burger® and Skaupy’ and of which the true ex- 
planation was given by Langmuir® and will be 
discussed below. A short study of this effect was 
made with the tube of Fig. 1. The results are 
shown in Fig. 3. Here the appendix was held at 
12.5°C. Three minutes were allowed before each 
reading to allow equilibrium pressures to be 


° L. Hamburger, Proc. Amsterdam Soc. 20, 1043 (1917). 

7F. Skaupy, Verh. d. D. Phys. Ges. 19, 264 (1917). For 
additional work on the subject see A. Riittenauer, 
Zeits. f. Physik 10, 269 (1922). 

8]. Langmuir, J. Frank. Inst. 196, 75 (1923). 
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attained. It is seen that the pressure difference 
is roughly proportional to the current in accord 
with the findings of other investigators. It is of 
interest, however, that in contrast to the low 
pressures here worked with most previous work 
on this effect has been done at pressures of the 
order of 3 millimeter.* Even at a pressure of 0.18 


Pressure in Microns 


2 


Arc Current - Amps. 


Fic. 3. Positive pressure effect. The curves show the 
equilibrium pressures at G; and G2, Fig. 1, as a function of 
are current. 


micron (0°C) and with tube currents up to 4 
ampere a small positive pressure effect seemed 
to be present. Whether at still lower pressures 
(and possibly at much lower currents) the sign 
of the effect could be made to change and a 
steady negative pressure effect set up remains 
to be determined. A negative pressure effect was 
discovered by Stark!® and further studied by 
Franck and Wehnelt." Certainly a net drift of 
gaseous matter toward the cathode can be 
brought about but the effect is usually accom- 
panied by voltage surges. Langmuir and Mott- 
Smith” found that the critical current density 
at which surges appear in a quartz capillary tube 


9 Druyvesteyn and Warmholtz, Phil. Mag. 17, 1 (1934), 
have observed the effect in a Na vapor discharge at pres- 
sures of the same order as here used. They refer to such 
phenomena as electrophoretic effects. 

10 J. Stark, Boltzmann Festschrift, p. 399 (1904). 

1 A. Wehnelt and J. Franck, Verh. d. D. Phys. Ges. 12, 
444 (1910). 

1227, Langmuir and H. M. Mott-Smith, Gen. Elec. Rev. 
27, 762, 770 (1924). 
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Fic. 4. Surge and pressure effects in tube of Fig. 1. 
At time O, current is raised from 15 ma to 0.65 amp. S: 
region of surges and low pressure. At time 2 min. current is 
again dropped to 20 ma. The pressure reading is that of Ga, 
Fig. 1 (anode end). 


(0.232 cm i.d.) varies as the square of the 
pressure (in the range 1.2 to 12 microns). They 
associated the surges with a degree of ionization 
approaching 100 percent. 


SURGES 


Figure 4, curve A, shows a case similar to 
Fig. 2, curve A, but with the appendix at 5.5°C. 
Here the current was suddenly raised from 20 ma 
to 0.65 amp. About 5 seconds after the current 
was raised, a marked hissing noise was heard 
which was found to emanate from the inductance 
in series with the arc. This was taken to indicate 
voltage surges across the tube, such as were 
described in the previous paper,** in connection 
with the Cooper Hewitt lamp. The period of hiss 
lasted about 20 seconds which is seen by Fig. 4, 
curve A, to correspond with the period of low 
vapor pressure at the anode. As shown by Fig. 4, 
curve B, the arc current dropped somewhat 
during the “hiss” period to a slightly unsteady 
value. The initial maximum in this curve cor- 
responds with the maximum in the curve of 
Fig. 10 of the foregoing paper.** for the Cooper 
Hewitt lamp. The appearance of the anode end 
of the tube during the hiss period was charac- 
terized by a weak reddish and fluctuating light 


*L. Tonks, Trans. Electrochem. Soc. 72, 167 (1937), has 
given an admirable discussion of various causes which 
may operate in low pressure gas discharge apparatus to 
produce surges. 
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strikingly similar to that frequently observed 
toward the anode end of a Cooper Hewitt lamp 
when starting. This light is reddish because of 
higher series lines of Hg, as shown by the spec- 
troscope; it indicates high electron velocities. 
Thus it was possible to “‘see’’ the region of very 
low pressure. 

Without the inductance, the arc could be very 
easily extinguished at any of these appendix 
temperatures simply by suddenly increasing the 
are current by raising the filament temperature." 

In regard to the surges which develop across a 
Cooper Hewitt lamp while starting (see Figs. 11 
and 12 of the preceding paper**), it was found that 
no surges whatever appeared when a resistance 
of 300 ohms was inserted at the anode to limit 
the current to a few tenths of an ampere. Evi- 
dently clean-up at such currents was not suf- 
ficient to lower greatly the pressure. 

Comparison of Figs. 11, 12, 13, and 14, of the 
preceding paper,** shows that in the case of Fig. 
13, where the inductance was short-circuited near 
the beginning of the starting period the current, 
although very fluctuating, did not subsequently 
fall as low as in the other cases where the in- 
ductance was left in circuit. In the first case 
there are of course no voltage surges: the current 
can quickly adjust itself to whatever pressure 
conditions exist in the tube as was pointed out. 
But an inductance if present acts to prevent a 
decrease in current and thus aggravates a 
developing condition of low pressure, due to 


clean-up at high current, to the point where a 


surge region develops (see below). 


CALCULATION OF THE POSITIVE 
PRESSURE EFFECT 


According to Langmuir’s theory, the positive 
pressure effect can be explained essentially as 
follows. The walls of the tube receive positive 
ions and electrons in equal numbers. The ions 
give up to the walls the momentum they have 
gained under the action of the electric field in the 


14 The value to which the current could be jumped from 
20 ma without putting the arc out, varied by a factor of 
2 or more on different occasions (from 0.5 to 1 amp. at 
T4=12.5 C). This suggests that the behavior may de- 
pend on the initial state of saturation of the walls with 
Hg (see below). 
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direction of the cathode and likewise the elec- 
trons the momentum they have gained in the 
direction of the anode. But the momentum of 
the electrons is relatively negligible because of 
their small mass, and hence there is a resultant 
thrust on the walls in the direction of the 
cathode. 

Meanwhile the electrons in the plasma are 
highly retlected elastically from the space charge 
sheath at the walls and through many collisions 
with the gaseous matter in the tube (atoms, and 
in the case of a high degree of ionization with 
the ions as well) communicate to the latter the 
momentum they gain in the field. To the same 
extent therefore (since ions and electrons are 
present in substantially equal numbers in the 
plasma) that the ions exert a differential thrust 
on the walls toward the cathode the electrons 
exert a differential thrust on the gaseous matter 
in the direction of the anode and a corresponding 
pressure gradient is set up. 

If the atomic mean free path \, is such that 
\uX<D where D is the tube diameter, this elec- 
tronic thrust is felt only near the wall and as a 
result a laminary flow of gas is further set up, 
toward the anode near the wall, and in the 
opposite direction in the central part of the tube. 

In the present case, where \,>D the ideas of 
Langmuir will be applied as follows. Also since 
no probe data were taken for the case of Fig. 3, 
the calculations will be made for an are studied 
by Langmuir and Mott-Smith® for which com- 
plete probe data are available and for which the 
current density and vapor pressure were approx- 
imately the same as in the case of Fig. 3. In this 
case of Langmuir and Mott-Smith a 4-amp. arc 
flowed in a tube 3.2 cm in diameter in Hg vapor 
at a pressure of 1.1 bar (0.8 micron). The con- 
centration of electrons , (taken to be equal to 
that of the positive ions m,) as found by a 
cylindrical collector in the central part of the 
tube was 1.810"! cm~*. On the other hand, in a 
practically identical case!’ a plane probe at the 
wall gave n,=1.010" cm~*. Since would be 
expected to be substantially smaller toward the 


1 |, Langmuir and H. M. Mott-Smith, Gen. Elec. Rev. 
27, 762 (1924). Run 32, Table XIV. 

1 Langmuir and Mott-Smith, Gen. Elec. Rev. 27, 538 
(1924), Run 36-a, Table III. m, was calculated from J, and 
T. as given according to J],=n.e(kT,./2xm,)}. 
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wall,!?: the value 1.310" will be here 
taken as a mean value across the tube. The 
gradient in the case in question was 0.24 volt 

The electric force on the positive ions in unit 
length of tube will be 


F,= /4)n,eE 


which with the above values of D and n,(=n,), 
e=4.77X10°" es.u. and E=0.24,300 e.s.u. 
gives F,,=0.38 dyne cm“. It will now be assumed 
that the ions on their way to the walls under the 
radial field,'7»'® will make only a_ negligible 
number of collisions’ and thus that this force 
is all communicated to the walls. It will also be 
assumed at first that a pressure gradient is set 
up which balances this entire force, thus that 


‘dx=0.38 


from which dp dx=0.048 bar cm~. Now in Fig. 
3 at 1} amp. (corresponding to equal current 
density, assuming that dp dx will be a function 
of the current density to a first approximation) 
the pressure difference across a 100 cm length of 
tube is seen to be 1.5 micron, giving dp dx=1.5 
3) 100=0.02 bar (taking 1 bar 43 
micron) or less than half the calculated value. 
This pressure gradient would account for a force 
F, per cm length of tube of 0.02 7D? 4=0.16 
dyne. 


CALCULATION OF DRIFT VELOCITIES oF IONS 
AND OF NEUTRAL GAS 


A further consideration will now be introduced 
which was left out of account by Langmuir and 
which, though not of great importance in the 


17. Tonks and I. Langmuir, Phys. Rev. 34, 876 (1929) 

8 T. J. Killian, Phys. Rev. 35, 1238 (1930). 

1° The mean free path of a Hg atom at 1.1 bar and 
(say) 100 C as calculated from viscosity measurements 
(Loeb, Kinetic Theory of Gases) is about 4 em. An indi- 
vidual atom moving in the gas with an energy of the order 
of 1 volt, corresponding in speed to a Hg ion under the 
radial field (reference 17) would have a mean free path 
greater than this, first by a factor of (2)! on account of its 
high speed relative to the other atoms and second by a 
factor of 4 to 8 because of the Sutherland correction (see 
Carl Kenty, J. App. Phys. 9, 53, 58 (1938) and references 
therein cited). Since little is known of the actual free path 
of an ion in its parent gas, it will be assumed, as is com- 
monly done, that it is of the same order as that of a neutral 
atom. If so, an ion in the present case would only rarely 
collide with an atom on its way to the wall. 
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Fic. 5. Glass trap. 


present case, must become of primary importance 
at much lower pressures, namely the mass trans- 
port by the ion drift toward the cathode. 

In the case of Langmuir and Mott-Smith 
above cited,'® the positive ion current to the 
wall, 7,, was found with the plane probe to be 
1.1X10-° amp. cm~*. The mean life ¢ of an ion 
before it reaches the wall will then be given by 


tD*n ,e 4t=rDI, 


which, with the above average value of 7, gives 
t=1.5X10-° sec. 

Under the axial field, in a time ¢ an ion will 
acquire a component of velocity in the direction 
of the cathode of ¢Xaxial acceleration and the 
average drift speed v, of the ions will be half this. 
Thus 

vp=(1,2)(eE/m,)t 


which, with m,=3.3X10-" g and ¢ and E as 
above, gives v,=8.7X10° cm sec.-! Now in 
equilibrium there can be no net transport of 
matter and hence neutral gas must stream at a 
speed v, under electron impacts, toward the 
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anode, at a rate which just balances the mass 
transport by ions. Thus 


Taking m, as 2.210% cm~ at 1.1 bar pressure 
and (say) 100°C and n, as 1.310" as above it 
follows that v.=50 cm sec.~! 

In accord with Knudsen’s law,?” this flow 
will produce a frictional drag F, on the walls of 
tDRm,v_. where R is the rate at which atoms 
strike unit area of the wall. Substituting the 
usual kinetic theory value for R it follows that 


which, with the quantities as already given 
(m,»=m,) and T=400°K, yields F,=0.02 dyne 
cm or about 5 percent of F,. 

The sum of F, and F, (0.16 and 0.02=0.18 
dyne) is seen to fall short of F, by 0.2 dyne or 
roughly by 50 percent. Now certain observations 
led Langmuir to the view that due to some cause”! 
the reflection of electrons from the wall sheath 
is not entirely specular and that as a result the 
combined thrust of ions and electrons yielded a 
force on the walls toward the anode of «F,. If 
F,+F,.=eF, in the present case then 
(Langmuir used e=0.3). 

Also if there were a large interaction between 
electrons and ions in the space, part of the 
pressure effect would be so neutralized in the 
space. While for the cases of very slow electrons, 
or a high degree of ionization, a large electron 
scattering could be thus caused, elementary cal- 
culations indicate that in the present case where 
T., =25,000°K"* and the gas is about 0.6 percent 
ionized, the error in F, (the ionic wall thrust) 
made by neglecting this effect will probably be 
of the order of less than a few percent. 

Considering the large uncertainties in some of 
the factors mentioned, the present observed 
pressure effect could thus be said to be satis- 
factorily accounted for by Langmuir’s theory. 


20S. Dushman, High Vacuum (1922). 


*tLangmuir (reference 8, p. 756) suggests statistical 
fluctuations of the positive ion space charge density in the 
sheath as a possible cause of the diffuseness of reflection. 
Other possible contributing factors which suggest them- 
selves are (a) reflection of the electrons from the walls 
themselves (see reference 17) and (b) secondary electron 
emission from the walls if appreciable. Killian’s results 
(reference 18, p. 1252) would, however, indicate the reflec- 
tion to be more nearly specular. 
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THE INITIATION AND PHENOMENA OF 
ISOLATED SURGE REGIONS 


At pressures much less than those here con- 
sidered, Tonks has pointed out that because of 
their very long free paths the electrons will give 
up their momentum in a region other than that 
in which they gain it. In a tube of limited length 
they will for example give it up to the anode 
itself or to the anode end of the tube. In such a 
case there will be no motion of the neutral gas 
to neutralize the mass transport by ion drift and 
the gas will then be rapidly swept toward the 
cathode. In the case of a long tube a somewhat 
similar region could be set up locally for example 
by a clean-up which was relatively strong at that 
section. As already mentioned such regions are 
commonly seen in Cooper Hewitt lamps at 
starting. They are usually about a foot long and 
are located about a third of the way from the 
anode to the cathode.”? Toward the anode end of 
such a region the gas would be thrust by the 
high speed electrons in the direction of the anode 
as Tonks“ has pointed out. And toward the 
cathode end it would be drawn in the other direc- 
tion through the ion drift as already described. 
The latter effect would be assisted by the impacts 
of ions on neutral gas provided the ratio of axial 
to radial field were large enough under these 
circumstances to allow the ions to make rela- 
tively long excursions down the tube.!’ These 
effects would appear to cause indefinite depletion 
of gas in the mid portion of such a region with 
the resultant open circuiting of the arc. How- 
ever the oscillograms of the preceding paper,** and 
the prolonged hissing noise already mentioned 
indicate that arcs are frequently able to with- 
stand long successions of voltage surges. (The 
larger the inductance in.circuit the higher the 
surge voltage can be.) It would appear therefore 
that there is some mechanism associated with the 


2 The location, length and general behavior and ap- 
pearance of these regions depend on the Hg pool tempera- 
ture, the location of condensed Hg in the tube, if any, and 
on the state of the walls as regards saturation with cleaned 
up Hg. The last depends on the previous history of the 
tube: whether it was shut off when hot, how long it stood 
inactive, and whether any special heat treatments were 
performed, locally or otherwise. At low pool temperatures 
(0°C) the region usually appears to extend over the whole 
length of the tube, the current at no time rising very high 
(see preceding paper). At ordinary temperatures the region 
would not be expected to appear near the cathode end 
because of proximity to the source of Hg vapor. 
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condition of high surge voltage which replaces 
some gas in the tube and thus temporarily relieves 
the situation. Such a mechanism would be 
available if high speed ions striking the walls 
could dislodge cleaned up Hg with an efficiency 
greater than unity (see below).** Secondary 
electron emission from the walls at these high 
voltages could also allow the electrons to push 
on the walls rather than on the gas and thus 
allow the flow of gaseous matter at the anode end 
to change direction. 

These surge regions are frequently observed to 


have relatively sharp boundaries indicating large 


density gradients at their ends.** Further, the 
boundaries are sometimes seen to fluctuate in 
position, giving evidence of the struggle of the 
density gradients with the electrical thrusts 
above discussed over the location of the bound- 
aries. Ultimately the density gradients must win, 
as the Hg sources heat up, and the surge space 
closes up. This closing has been observed to take 
place more often from the cathode end, the 
boundary at this end being then the sharper. 


Fic. 6. Tube incorporating trap 7 (Fig. 5). P: Plane 
probe. G2: Ionization gauges. x1, X2, x3: Furnaces 
which‘can be run at separate temperatures. Tube diam.: 
2.5 cm. 


23 The first maximum in curve A, Fig. 4, indicated that 
the net amount of Hg cleaned up during the surge period 
due to over-all conditions is greater than if no surges were 
present. This is not incompatible with the present sug- 
gestion because the speed of the ions during an actual 
surge may be of a higher order than that between surges, 
the latter favoring a large clean-up. It was pointed out 
by Dr. Langmuir that the grazing nature of the ionic 
collisions with the walls during a surge may be an influenc- 
ing factor. The maximum referred to is probably not due to 
Hg driven off the walls by rising wall temperature because 
curve A, Fig. 2, where no surges were present does not 
show such a maximum. 

24 At the negative end evidently a negative pressure effect 
might be said to exist. 
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THE RECOVERY OF CLEANED UP Hg 


The tube of Fig. 2 was unsuited to quantitative 
study. For instance in Fig. 2, the effects of the 
reversible clean-up are not nearly as marked as 
they would be if the gas did not flow in or out of 
the appendix to compensate for any pressure 
change taking place. Accordingly a mechanical 
trap, the details of which are shown in Fig. 5, 
was inserted into a Pyrex tube as shown” in 
Fig. 6. In Fig. 5, P is a quartz plate which rests 
on the seat S to close the orifice O. The surfaces 
P and S are ground plane. By means of the 
solenoid W acting on the iron cylinder F, the 
trap can be opened or closed. 

Experiments with the tube of Fig. 6 were 
usually carried out as follows. At a certain 
appendix temperature 74 and with the trap 
open, an arc of some desired current was started 
in the tube and let run long enough (10 minutes) 
for equilibrium conditicns to be well established. 
Then the trap was dropped which put out the 
are and entrapped all the Hg beyond 7, which 
was either in the gas phase or on the walls. 
Thereupon the pressure rose steadily as shown 
by the ionization gauge, due to the Hg coming 
off the walls. Fig. 7 shows the gauge reading as a 
function of the time, for three values of the arc 
current above mentioned.*® The full lines show 
the actual readings and the dotted lines these 
readings as corrected for leakage through the 
trap. 

These corrections were obtained in a calibra- 
tion experiment in which, without any arc, and 
with the furnace surrounding the tube and 
gauges at the same temperatures as in the case 
of Fig. 7. 74 was kept at a value corresponding 
to several microns pressure for some minutes 
after which the trap was dropped and 7, lowered 
to 0°C. Gauge readings were then taken as a 
function of the time and the leakage of the trap 
thereby obtained as 0.014 micron per min. per 
micron difference in pressure on the two sides 
of the trap. 

* In an earlier tube this trap was inserted between the 
appendix and the arc tube. When the trap was closed and 
the current was suddenly raised from a low value to a 
high value the pressure decreased tremendously through- 
out the tube and there was no building up of pressure again 
as in Fig. 2; rather the pressure continued to decrease till 
the arc went out. 


*° These currents were sufficiently small so as not to cause 
an appreciable positive pressure effect. 
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Fic. 7. Increase of pressure (G2) in tube of Fig. 6, as a 
function of time after arc is shut off by closing trap. 
Appendix temperature 25.5°C (1.9 micron). 


Before each experiment of Fig. 7, the tube was 
baked out under exhaust. The tube was kept 
under continuous exhaust. In the case of Fig. 7, 
the furnace surrounding the tube was kept at 
185°C and the appendix at 25.5°C. The gauges 
were run at a constant temperature of the order 
of 60°C which was high enough to prevent any 
condensation. 

Each curve of Fig. 7 shows the pressure rising 
toward a final value. The curves were found to 
be approximately exponential and such as could 
be explained if the atoms had a mean life on the 
walls of about 260 seconds, this value being the 
same for all the curves. The amount by which 
the final pressure exceeds the normal pressure 
may be taken to represent the amount of Hg, Q, 
reversibly lodged on the walls while the arc is 
running. 

Measurements with the plane probe showed 
that the positive ion wall currents increased by 
a factor of 6 in Fig. 7, as the arc current increased 
from 8 ma to 64 ma. Assuming that the clean-up 
is due to ions striking the walls, the quantity Q 
is seen to increase far less rapidly than the ion 
current to the wall. It is necessary to assume 
either (1) that the wall has a limited capacity 
for retaining Hg or (2) that Hg is dislodged from 
the wall also by the ion bombardment. In the 
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latter case, the following equation could be set 
up for Q. 


d 
_ BOR. (1) 
dt 


where R is the rate at which ions are striking the 
wall, A represents the fraction of those striking 
which are retained, 7 is the mean (undisturbed 
life on the wall of the cleaned up atoms) and B 
is a number which when multiplied by Q and R 
represents the rate at which cleaned up atoms are 
freed by ion bombardment. In equilibrium then 


dQ/dt=0 and Q=AR/(1/7+BR). (2) 


Thus Q would vary linearly at first with R but 
would gradually reach a constant value A,B 
independent of R. Also the higher R is, the 
quicker this equilibrium value will be attained. 
Such a variation is apparently found in the 
experiments. 

The amount of Hg which came off the walls 
in the 8-ma case of Fig. 7, may be taken as 3.6 
micron. The volume of the tube beyond the trap 
was about 500 cm*. At 185°C this gives 0=3.8 
x10" atoms. Now the measured positive ion 
wall current in this case was 4.1 10-° amp. ‘cm? 
and the wall surface was about 600 cm? so that 
R=4.1X10-° 600, 1.59107!’ = 1.6 10" 
Neglecting BR in comparison with 1/7 in (2) 
and taking 7 as 260 sec. a preliminary value of 
A of 0.011 is found. For the 64-ma case, the wall 
ion current was amp.,cm® and the 
amount of Hg cleaned up 5.9 micron, so that for 
this case Q=6.1X10"" and R=9.4X10"" sec.-! 
Then using A=0.011 and +=260 sec. for this 
case in (2) it is found that B=1.4X10-"’. In- 
serting now this value of B in (2) for the 8-ma 
case and solving, a better value of A is obtained, 
and so by the method of successive approxima- 
tion it is found that A =0.021 and B=3.2X 10". 
Then in the 64-milliampere case BOR (Eq. (1)) 
=18.4X10" sec! and Q/7r=2.3X10" sec. 
Thus here according to this theory 8 times as 
many atoms are dislodged per sec. by ion bom- 
bardment as come off spontaneously. Since in 
this case each little section of wall surface of area 
4 square angstrom units is struck by an ion about 
once every 15 seconds, and the energy of the 
ions is quite high (of the order of 15 volts as 
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shown by the wall probe floating potential with 
respect to space, or 100,000°K) it seems reason- 
able to suppose that local heating accompanying 
each ion impact could cause the dislodgement. 
Experiments to be described below show that 
cleaned up Hg atoms can be freed by heat and 
also by ion bombardment. On the present theory 
the observed reversible clean-up at the wall 
temperature used could therefore be explained 
if about one ion in 50 (A =0.02) striking the wall 
were so lodged there that it would remain on the 
average about 260 seconds if undisturbed, or 
would otherwise be freed by ion bonbardment 
according to the above value of B. 

In experiments like those of Fig. 7, Q was 
found to be about the same, whether the arc 
were run for 10 minutes or for 3 minutes before 
closing the trap. Times less than 3 minutes 
could not be tried because of the fact that 0.1 
mm Ne had to be let into the tube to get the arc 
started, and it required about this time to pump 
out all traces of the Ne. Tests with the McLeod 
gauge and Hg cut-off showed that the Q here 
measured was not appreciably due to Ne. 

Experiments like those represented by the 
curves of Fig. 7 were carried out at oven tem- 
peratures from 50°C to 360°C. In all cases 
similar curves were obtained which indicated 
about the same value of 7 and for similar arc 
currents the value of @ appeared to be about the 
same, increasing apparently slightly with tem- 
perature. This relative independence of 7 on the 
temperature indicates that the atoms are not 
held by a simple work function type of force. It 
seems more likely that ions are driven into inter- 
stices (either natural or of their own making) 
among the glass atoms out of which they work 
themselves by their heat motions and those of 
the glass atoms. In order to explain the relative 
constancy of 7 and Q, it would seem to be neces- 
sary to infer that they are driven in further the 
higher the wall temperature. 

In order to study the possible effect of clean-up 
on the anodes in these experiments, the tube of 
Fig. 6 was partly rebuilt as shown in Fig. 8. 
Here A, and A, are two similar Mo anodes which 
could be heated to a bright red by radiation 
from W filaments inside. Az is approximately 
twice as far from the glass trap as A. The large 
bulb B (2000 cm*) is for the purpose of greatly 
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Fic. 8. Tube of Fig. 6 as rebuilt to detect clean-up on the 
anodes. A; and Ag: Similar Mo anodes which could be 
internally heated. 


reducing the final value to which the pressure 
builds up after closing the trap. The effect of 
leakage through the trap was thus reduced to a 
very small value while increases of pressure (Q) 
were still large enough for convenient measure- 
ment. The arrangement also had the advantage 
that the experiment could be carried out at a 
much lower oven temperature without fear of 
condensation on the glass. It was found that all 
other variables being held as nearly as possible 
constant, Q was the same whether the anodes 
were run at a low temperature or at a bright red 
heat. Further, Q was within limits of error, twice 
as great when the arc was run to Az as when it 
was run to A,, other conditions being the same. 
It was concluded therefore that the clean-up was 
associated only with the tube walls. 


Tue CLEAN-UP ON AN IRON SURFACE 


Figure 9 shows an apparatus with which a 
preliminary study was made of the clean-up on 
an iron surface. Here G, is an ionization gauge of 
small volume. G¢ is essentially also an ionization 
gauge having an iron cylinder for collecting 
positive ions consideraly larger than the Mo 
cylinder of G,;. The cylinders are both closed as 
far as possible so that very few positive ions can 
strike the glass walls. The total volume of the 
system is about 35 cm*. After thoroughly 
baking out the tube under exhaust and degassing 
the metal parts, the tube was sealed off contain- 
ing Hg vapor only, saturated at 22°C. G,; was 
then used to measure pressure while the clean- 
up was made to take place in Ge. Positive ion 
currents of the order of 15 10~-* amp. were used 
in G, while similar currents of 1 ma or more were 
used in Ge. When the accelerating voltage (135 v) 
was suddenly thrown on in Gz so that the Fe 
cylinder (at —22.5 v with respect to filament) 
Was receiving 1 ma of positive ions, a pressure 
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drop of the order of 50 percent was noted in G,. 
The pressure reached an apparently steady low 
value. When the accelerating voltage in Gs was 
cut off, stopping all ionization, the pressure in 
the system built up toward it’s former value, 
apparently in an exponential fashion correspond- 
ing to an average life of the Hg atoms on the Fe 
surface of the order of one minute. This life as 
well as the magnitude of the clean-up appeared 
surprisingly independent of the temperature of 
the cylinder, which could be altered by running 
a variable input to the spiral anode. Since the 
general aspects of the clean-up on an iron 
surface?’ are similar to those in the case of a 
glass surface it seems reasonable to suppose that 
the mechanism of clean-up is essentially the 
same in both cases and that it is not one of Hg 
ions being held by electrostatic forces. 


RECOVERY OF FURTHER MERCURY BY HEAT 


Experiments showed that in addition to the 
Hg cleaned up in the reversible manner so far 
described there is also a much larger amount of 
Hg cleaned up which can only be recovered by 
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Fic. 9. Apparatus for study of the clean-up of Hg on an 
iron surface. F: Fe cylinder for collecting ions. A: W 
anode (in the form of a double helix). C: W hairpin cathode. 
G,: lonization gauge. S: Shields to minimize the number of 
ions reaching the glass. 


27H. Alterthum and A. Lompe, Zeits. f. tech. Physik 17, 
407 (1936), observed a large clean-up of Ne (and also He 
and A) in Fe cathodes in a glow discharge tube which they 
attributed to ions being driven into the metal. 
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heating. The tube of Fig. 8 was rebuilt by sub- 
stituting a simple quartz tube on the right of the 
trap and an all quartz trap for the glass one 
shown, this being sealed to the remainder of the 
tube by means of a graded seal. The internal 
diameter of the quartz tube was 1.7 cm and it’s 
length 60 cm. With an ionization gauge the total 
volume on the right of the trap was 212.4 cm* 
and the surface exposed to the discharge was 
325 cm?. This tube was baked out under exhaust 
at 450°C and the metal parts degassed as usual. 

Figure 10 shows an example of the type of 
experiment carried out with this apparatus. 
Here, with the tube in a furnace at 55°C, and 
with the appendix at 21°C a 20-ma arc was run 
for 10 minutes. At time 0 in the figure, the trap 
was closed, thus putting the arc out. Thereafter 
the pressure rose and descended as shown. After 
8 minutes the input to the furnace was increased 
and the temperature then increased as indicated. 
Likewise the pressure rose to a high peak and 
then decreased as indicated. The average rate 
of leakage of this trap was measured at 55°C as 
0.21 micron per minute per micron difference in 
pressure across it. Since the gauges were operated 
at constant temperature, being outside the fur- 
nace, and since at these pressures the atomic 
mean free path is greater than the tube diameter, 
the rate at which atoms leak through the trap 
should, for a given difference in the gauge readings 
on either side of the trap, be independent of the 
furnace temperature.?* Therefore the amount of 
gas leaking through the trap in any given time 
expressed in microns in the tube at 55°C will be 
simply the product of the area between the 
curve and the normal pressure line (i.e., the line 
representing the pressure on the left of the trap) 
and the leak 0.21. Using a planimeter it was thus 
found that 2.5 microns came off spontaneously 
in the first 8 minutes and that 26 microns came 

28 If N, is the concentration of atoms in the gauge and 
that in the tube it follows at these low pressures that 
n=n,(T,/T)4 where T, is the temperature of the gauge and 
T that of the tube. Now the rate at which atoms strike a 
surface (or a hole) will be proportional to n(T)# and there- 
fore to n,(T,). Also if the volume of the gauge is small 
compared with that of the tube, the amount of gas held 
on the right of the trap at any given gauge reading will 
be inversely proportional to 7}, therefore, for a given differ- 
ence in gauge readings on the two sides of the trap, the 
rate of decrease of reading or “‘leak’’ as shown by the gauge 
reading on the right will be proportional to (7)*. Measure- 


ments of the leak at 60° and at 365° confirmed this conclu- 
sion. 
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off in the next 24 minutes under heating. In 
control tests, like that just described except that 
no discharge was operated in the tube before 
closing the trap, only an inappreciable amount 
of gas was developed. These showed that the 


Pressure — Microns. 
Temperature - °C 


Fic. 10. Showing the relatively large amount of cleaned 
up Hg which can be driven off a quartz tube by beating. 
T: Furnace temperature. P: Pressure (reading of ioniza- 
tion gauge external to furnace). 


gas as above measured was Hg cleaned up by the 
discharge. 

Figure 11 shows a case entirely similar to that 
just described except that the temperature was 
raised in two stages as shown. The initial oven 
temperature was 63°C. It is seen that each 
increase in temperature dislodges a new amount 
of Hg, as if the cleaned up mercury were held 
with varying degrees of firmness. In one experi- 
ment, similar to that of Fig. 10, 19 hours were 
allowed to elapse (instead of 8 minutes as in Fig. 
10) before the temperature was raised. But the 
amount of Hg recovered on raising the tem- 
perature from 55°C to 400°C was nearly the 
same as in the case of Fig. 10. Therefore heat is 
definitely necessary to dislodge most of the Hg. 
The results could probably be accounted for if 
cleaned up Hg were in effect held with different 
degrees of binding, possibly varying continuously 
upward from zero. The phenomenon is thus much 
too complicated to be handled by Eqs. (1) and 
(2); but these equations may be thought of as 
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Fic. 11. Showing that Hg cleaned up on a quartz tube is 
held with varying degrees of binding. 


applying within any small group of cleaned up 
Hg atoms having a given degree of binding. 

That apparently only half as much Hg was 
recovered in the case of Fig. 11, as in the case of 
Fig. 10 may have been partly due to the fact 
that occasionally considerable variations in the 
trap leak were found, evidently depending on 
the manner of closing. This variability prevented 
accurate comparisons of the amount of Hg 
cleaned up under various circumstances with the 
present apparatus. 

Taking the amount of Hg recovered in the 
experiment of Fig. 10 as 26 microns and the 
volume and surface of those parts of the tube 
involved as already given it is calculated that a 
total of at least 1.8 10'" atoms were cleaned up 
or 5.510" per cm? of surface involved. This if 
the Hg were located all in one plane (which 
seems doubtful) would correspond to a layer of 
the order of 3 atom deep (radius of the Hg atom 
taken as 1.810-* cm). Other Hg may of course 
have been cleaned up which was not recovered 
at all. The possible connection between cleaned 
up Hg and blackening of the glass over long 
periods is not clear. Tolansky?® found a discolor- 
ing of quartz in the case of high frequency dis- 
charges in Hg which he attributed to Hg driven 
into the surface. 


29S. Tolansky, Proc. Phys. Soc. 42, 556 (1930). 
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EXPERIMENTS WITH ARGON 


Preliminary experiments with the previous 
apparatus indicated a clean-up of A by the 
discharge similar to that in Hg. The effects were 
much less striking, possibly because of the fact 
that much higher total pressures had to be used 
for operating the discharge (10 microns as com- 
pared with 1 micron in Hg). Also by first saturat- 
ing the walls with A by a discharge in this gas 
(having frozen out the Hg), and then by operat- 
ing a weak Hg discharge, definite evidence was 
obtained that cleaned up A atoms could be dis- 
lodged by the Hg ion bombardment. An inverse 
type of experiment also indicated that cleaned 
up Hg atoms could be dislodged by A ion 
bombardment. 


TEST FOR POssIBLE CLEAN-UP OF 
ExcitEp ATOMS 


A quartz tube containing Hg vapor and having 
an ionization gauge connected to it was strongly 
irradiated with the full radiation from a quartz 
Hg lamp close by. Both tubes were 2.1 cm in 
diameter and 40 cm long and were separated by 
a space of 3 cm. The irradiating tube was filled 
with 3 millimeters of A and a drop of Hg and 
had oxide coated electrodes. A discharge of 1 
amp. in this tube produced a strong odor of 
ozone and was otherwise known to be a strong 
source of the resonance lines of Hg. An elliptical 
Al reflector was placed around the tubes with 
these at the foci and a movable screen allowed 
exposure of the clean-up tube to the irradiation 
at will. Instead of sealing off the clean-up tube 
with a known unsaturated pressure of Hg vapor 
in it, it was connected by means of an adjustable 
capillary leak to an appendix, a liquid-air trap, 
and the pump. The ionization gauge used was of 
the nearly enclosed type of Fig. 9 which has a 
very small inherent rate of clean-up. 

In carrying out an experiment the tube and 
gauge were first well baked out and the metal 
parts thoroughly degassed. Then with the Hg 
appendix at a known temperature the leak was 
adjusted to a minimum and gauge readings taken 
thereafter as a function of the time. These 
readings indicated a very slow rate of clean-up 
of Hg in the gauge. Then alternately over 5 
minute intervals the tube was irradiated and cut 
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off from the radiation. Gauge readings were then 
plotted as a function of the time. Such experi- 
ments were carried out at appendix temperatures 
of 11°C and 22.5°C. At 11°C the pressure 
decreased smoothly at a diminishing rate by 20 
percent over a 40 minute period, and at 22.5° by 
3 percent in 25 minutes (the leak setting could 
have been different in the two cases). No con- 
sistent changes in slope could be detected at the 
times of starting or stopping the irradiation. It 
is estimated that a rate of clean-up 1/10,000 as 
great as that which occurred in the case of Fig. 2, 
curve A, could easily have been detected by this 
method. The effective strength of the resonance 
radiation bathing the atoms concerned in the 
two cases could scarcely have been different by 
many orders of magnitude and it seems safe to 
conclude tentatively that excited atoms and 
probably also metastable atoms were not appre- 
ciably involved in the present clean-up experi- 
ments. 


DISCUSSION 


As a result of the reversible part of the clean- 
up here described it may be inferred that large 
changes in vapor pressure may follow whenever 
sudden changes occur in the current in a dis- 
charge of Hg vapor. 

The effect was shown in the previous paper** to 
be of great importance in the starting of the 
Cooper Hewitt lamp causing arc extinction and 
surges. It seems likely that it may also be of 
importance in the long anode arms of high 
voltage Hg rectifiers and other devices employing 
Hg vapor at low pressure. 

There seems no reason to suppose that the 
reversible aspect of clean-up here found is 
peculiar to Hg alone. Rather it is probable that 
the relatively very low pressures at which dis- 
charges can be run with ease in Hg make this 
vapor peculiarly suitable for the observance of 
the effect. 

The following tentative explanation of the 
clean-up, is put forward which seems to fit the 
observations sufficiently well: Ions penetrate 
into the glass (or other) surface to varying 
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depths. In so doing they may make use of 
natural cracks or capillaries existing in the glass 
or by virtue of their relatively high energy— 
15 volts (1000,000°K) or more—they may push 
atoms of the crystal lattice aside and so pene- 
trate. In the latter case the situation might be 
analogous to local melting and penetration with 
subsequent solidification and capture. The ability 
of the so imbedded ions (or atoms) to escape will 
depend on their stability of position with regard 
to their surrounding atoms (this includes the 
effect of depth and the possible sharing of 
chemical bonds), on their heat energies and on 
the random opening up, due to atomic vibra- 
tions, of the interstices in which they are lodged. 
The two latter factors will increase with the wall 
temperature. The important effect of ion bom- 
bardment in releasing cleaned up atoms* could 
probably largely be reduced to one of local 
heating. Such a mechanism of clean-up would 
seem to allow of a wide variation in the tenacity 
with which the cleaned up atoms are held, rang- 
ing from that in the case of what has been 
termed the reversible part of the clean-up to 
that in the case of the atoms which can only be 
recovered by extreme heating. 

The preliminary experiments for the present 
investigation were carried out at Palmer Physical 
Laboratory, Princeton, in July 1929 and the 
work was continued over the following year and 
a half at the Laboratory of the General Electric 
Vapor Lamp Company. The experiments were 
discontinued because of pressure of other work. 

I wish to express my thanks to Dr. K. T. 
Compton whose suggestions inspired this study, 
to Dr. R. D. Mailey and Dr. L. J. Buttolph of 
the General Electric Vapor Lamp Company for 
their constant interest and counsel, to Dr. I. 
Langmuir, Dr. A. W. Hull, Dr. S. Dushman and 
Dr. K. H. Kingdon, for valuable suggestions and 
to Dr. R. C. Mason whose continued interest in 
this problem has been an unfailing source of 
stimulation. 


30 The experiments of von Meyeren (reference 1) indicate 
that also bombardment by 800-900 volt electrons is able 
to release electrically cleaned up atoms of A and other 
gases. 
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A Geiger Counter for Beta-Rays 


A. KeitH BREWER AND A. BRAMLEY 
Bureau of Chemistry and Soils, U. S. Department of Agriculture, Washington, D. C. 


(Received July 19, 1938) 


A Geiger counter for beta-rays is described that is easy to construct and has the low back- 
ground count of two per minute. Two modifications are in use, one in which the rays are 
admitted through an aluminum foil supported by a copper grid; and the other in which the 
material to be tested is placed directly within the chamber. The characteristics of various 
gases are discussed; it is shown that while organic vapors tend to lower the background count 


they also lower the sensitivity. 
of different energies is outlined. 


A simple method for measuring the counter efficiency for rays 


ONSIDERABLE difficulty is experienced in 
the construction of a Geiger counter for 
measuring 6-rays for a variety of reasons. The 
requirements that a counter has to meet are 
summarized as follows. First, to minimize its 
background count, the area in the horizontal sec- 
tion must be small. Second, to avoid the absorp- 
tion of the 8-particles, the wall must be thin or 
the material to be tested must be introduced 
directly into the counter itself. The first of these 
alternatives presents difficulties in construction 
and the second usually results in instability of 
operation. Third, the counter should subtend as 
large a solid angle as possible at the sample. 
Fourth, to avoid possible contamination the 
counter should not require reassembling to 
determine the background for each individual 
sample. 

Various different designs of counters have been 
described in the literature.~-* Many of these 
have either too thick a window to transmit soft 
rays such as are emitted from rubidium or the 
background count is so high that the weak radia- 
tion, for example that of potassium, cannot be 
accurately determined. For statistical reasons, it 
is found impractical to measure a radiation whose 
count is less than that of the background. 

A very simple counter has been developed at 
this laboratory which is easy to construct and 
which has been designed with the above qualifi- 
cations in mind. Two modifications of the counter 
are in use, one with and the other without a thin 
aluminum window. 

1 Hamblin and Johnson, Phil. Mag. 24, 553 (1937). 

2 Halpern and Simpson, Rev. Sci. Inst. 8, 172 (1937). 


3 Smythe and Hemmendinger, Phys. Rev. 51, 178 (1937). 
* Mihlhoff, Ann. d. Physik 7, 205 (1930). 


778 


The window counter is more satisfactory for all 
rays except those of very low energy; it is il- 
lustrated in Fig. 1. 

While the exact dimensions of the counter are 
not essential, a convenient size is that illustrated. 
The cathode is a thick-walled copper tube 2 
inches long and ? inch inside diameter and the 
anode is a brass or nickel rod ;¢ inch in diam- 
eter extending down the tube. The distance from 
the end of the rod to the side walls is from } to } 
inch less than that to the end of the tube. Both 
hard rubber and amber insulating plugs are 
equally satisfactory. The aluminum window is 
supported by a copper grid soldered to the end 
of the tube. A suitable grid can be made by drill- 
ing about 30 holes with a No. 40 drill through a 
22-gauge copper sheet; the size of the holes is 
immaterial. The window, an aluminum foil 0.0003 
inch in thickness, is waxed to the outer edge of 
the grid with a beeswax and resin mixture. A 
glycol-phthalate wax is preferable for the other 
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Fic. 1. Cross section of a Geiger counter for beta-rays. 
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waxed joints, although any good sealing wax is 
suitable. 

A modification of the counter to be used with- 
out a window is shown in Fig. 2. 

A rotating disk of. 33 inches in diameter will 
permit the testing of four samples at a single 
evacuation. 

The primary precaution to be taken in the 
counter construction is the removal of points 
from the cylinder and rod by polishing with fine 
emery paper, followed by burnishing with a cloth. 
Dust can be washed from the rubber plug with 
alcohol. 

A modification of the electrical circuit given 
by Johnson and Street? is suitable for amplifying 
the impulses, and a recorder made from a dollar 
watch and a telegraph relay is sufficiently fast 
for most radioactive materials. 

In operation, the Geiger counter may be looked 
upon as a glow discharge tube where the applied 
potential is above the operating potential but 
below the breakdown potential for the cathode. 
A positive ion impinging on the cathode will 
lower the work function in its neighborhood suffi- 
ciently for a discharge to pass from the cathode 
to the anode.*® These positive ions may be formed 
in the gas space by ionizing rays or they may 
come from the leakage of electricity from points 
in the tube. In order to lower the gradient in the 
neighborhood of the anode the ;g-inch rod was 
used in pace of the fine wire employed in the 
conventional counter. 

Counters of the type illustrated when as- 
sembled without any appreciable care in polishing 
the various parts will have a background count 
of about 6 per minute for an applied voltage 
about 10 volts above the starting potential. 
When care is taken to burnish the anode and 
cathode the background can be reduced to about 
2 per minute.’ This is the limit obtainable due 
to cosmic rays. 

Various gases have been tried in these counters 
with equal success. In practice from 1 to 1.5 cm 
of air has been found most convenient. At 1 cm 
of air the counter will operate on 720 volts. Argon 
and helium can be used at much lower voltages 


5 Johnson and Street, J. Frank. Inst. 215, 293 (1933). 

° A. Keith Brewer and J. W. Westhaver, J. App. Phys. 
8, 779 (1937). 
as i) Bramley and A. Keith Brewer, Phys. Rev. 53, 502 
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provided the counter is equipped with a liquid- 
air trap to freeze out the organic vapors; the 
presence of organic vapors tends to raise the 
operating voltage for both these gases but has no 
effect on air and hydrogen. Both the background 
and the efficiency vs. voltage curves give a plateau 
which is somewhat wider for hydrogen than for 
air ; the actual efficiency, however, is lower. At 4.0 


A" dia. Rod 


“Pointer 


Ground Joint7 


Fic. 2. Geiger counter without windows. 


cm of hydrogen the counter will begin to operate 
at 900 volts, the background and efficiency re- 
maining constant from 920 to 1030 volts. In 
contrast, air, which has a slightly greater effi- 
ciency at 1 cm pressure has a plateau of about 20 
volts in width, above which the background 
rises slowly with voltage. Since the operating 
potential will remain constant provided there are 
no leaks in the system, the wdith of the plateau is 
not important. 

The counter efficiency can be measured by 
means of a U,Os standard. Standards can be 
easily prepared from ignited uranium nitrate, 
weighed as UO, and deposited lightly on a glass 
plate. UX, and UX, combined will emit 150 
B-rays per 0.0001 g per min.; of these only 75 
will have an upward component. 

If the standard is placed directly below the 
counter, it follows from the geometry involved 
that only the small fraction of these 75 rays 
which have a nearly vertical component will be 
able to strike the counter window. In addition 
many of the rays that do strike the window will 
be absorbed in the aluminum or will fail to 
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ionize after entering the counting chamber. In 
consequence the counter efficiency is necessarily 
small, being of the order of 10 percent for most 
counters. 

In converting the counter efficiency for ura- 
nium over to apply to any other source, it is 
necessary to know the energy of the different rays 
involved. The fraction of the rays striking the 
window will be the same for rays from any source 
placed in a definite position; on the other hand 
the absorption in the aluminum window will 
vary sharply with the energy of the rays, and 
the ionization within the counter will vary to a 
small extent. 

The energy of the rays from a given source can 
be estimated by measuring the absorption coeffi- 
cient, u. This quantity is readily determined from 
the decrease in the number of counts when 
various thicknesses of aluminum are placed be- 
tween the source and the window. The decrease 
in the number of counts (JV) is found to obey the 
equation N= Noe‘, where ¢ is the thickness of 
aluminum expressed in centimeters. 

The various factors determining the individual 
ray efficiency for UX; and UX, are given in 
Table I. 

The percent transmitted given in column 4 is 
for an aluminum foil 0.002 cm in thickness. 
Column 5 gives the mean free path between 
ionizing collisions computed from the data of 
Williams and Terroux® for air at 1 cm pressure. 
In column 6 the effective length of the counter, 
3 cm, is divided by the mean free path to give 
the number of mean free paths for a 8-ray passing 
through the counter. Column 7 gives the number 
of positive ions formed per 8-ray in the counter 
computed by the method given by Loeb.’ The 

‘individual B-ray efficiency given in column 8 is 
the product of the probability of positive ion 
formation multiplied by the percent transmission. 

A comparison of the present counter with those 
previously described will serve to illustrate the 
advantages of each. A typical counter with a thin 
wall (window) has been described by Hamblin 
and Johnson.' It is constructed from a Dur- 
alumin tube with a tungsten wire 0.045 mm in 


* Williams and Terroux, Proc. Roy. Soc. A126, 289 
(1930). 

*Loeb, Kinetic Theory of Gases (McGraw-Hill, 1934), 
p. 45. 
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TABLE I. 
1 2 3 4 5 6 7 s 
Max. PER- , | Errici- 
B-RAY ENERGY CENT M.F.P. L I* ENCY 
SOURCE IN EV #Al | TRANS 1 cm | M.F.P B PERCENT 
UX: | 1.26x10° |510 | 36 181 | 166 |0.79| 284 
UX2 2.3 106 14.4 97.2 3.04 0.986 | 0.63 61.4 


diameter passing along the axis and suspended 
by means of an ebonite plug at each end. The 
Duralumin tubing, internal diameter 1.30 cm, is 
recessed in the middle to a wall thickness of 0.08 
mm. The over-all length is 5.3 cm, while the 
window is 0.9 cm long and 3.7 cm? in area. Filled 
with dry air at 7.5 cm of Hg pressure, the back- 
ground count is 5 per minute. This is comparable 
with that expected from the cosmic radiation. 
However, the thickness of the window is such 
that it practically excludes all 8-particles with an 
energy less than 125,000 volts. For 6-rays, whose 
energy is many times this value, this design of 
counter may be more efficient than the type 
described in the present paper, since the window 
subtends a much larger solid angle when the 
material is placed on a concentric cylinder sur- 
rounding the chamber. When only small amounts 
of material are available, however, the efficiency 
is materially lower. The difficulty involved in the 
construction of a counter of this type is much 
greater than that illustrated in Fig. 1. 

The counter described by Miihlhoff is so 
designed that the sample to be tested can be 
placed directly within the chamber. This offers 
the advantage that a sample of 10 sq. cm can 
be exposed as compared with 2.5 sq. cm for the 
counter illustrated in Fig. 2. The background 
count of 27 per minute is rather high even con- 
sidering the large area exposed; this high back- 
ground works to a decided disadvantage when 
only a small sample is available. The main ob- 
jection to the Miihlhoff design is that the back- 
ground cannot be determined without dis- 
sembling the counter. It must also be borne in 
mind that when a foreign material is introduced 
into the counter itself it distorts the field, so that 
the characteristics become very sensitive to the 
position of the plate on which the sample is 
placed. Both the above objections are avoided in 
the design illustrated in Fig. 2. 
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On the Symmetry of the Benzene Ring 


LENNART SIMONS 
Laboratory for Applied Physics, Helsingfors University, Helsing fors, Finland 
(Received June 1, 1938) 


The values of the pulsation frequencies of CsH¢ and CsD¢are calculated for trigonal and hexa- 
gonal symmetry, corresponding with the Kekulé and the centric formula, respectively. In 
the calculations it is assumed that the elastic forces for C—C, C=C linkages in the benzene 
ring equal these in open chains. In the centric model it is, moreover, assumed that the elastic 
forces between the C-atoms are equal to the average of the elastic force of the single and double 
bonds. The comparison of the experimentally observed Raman frequencies with the calculated 
shows that for the plane regular hexagonal structure we get a good agreement with the experi- 
mental values, while the Kekulé model gives much too low values. The frequency calculations 


decide also for the centric model. 


HE question regarding the structure of ben- 

zene, i.e. the differentiation of the Kekulé 
and the centric formula, has not been dealt with 
successfully for a long time. The problem has 
become acute with the investigation of Raman 
effect. 

The most essential difference between these 
models is that the Kekulé model has trigonal 
symmetry with alternating C—C and C=C 
linkages in the C,-ring, while the centric model 
has hexagonal symmetry with 1}-fold linkages 
between the carbon atoms. 

Many scientists, among others Wood, Barnes, 
Brattain and above all Kohlrausch! have nowa- 
days come to a decision on the centric model. 

They have arrived at this solution above all 
on the basis of the polarization relations? of the 
benzene Raman lines and the number and 
intensity of these lines. But the calculation of 
the frequencies possible with these models also 
points in the same direction. 

Starting from the knowledge of valency forces 
for the homopolar linkages C—C, C=C and 
C—H, that have been measured from the Raman 
spectra of saturated aliphatic hydrocarbons, I 
have endeavored to find a possibility for the 
comparison of the experimentally observed 
Raman spectra with a spectrum calculated for 
these models. Herein I have confined myself to 
the frequency of such an oscillation that with 
certainty is attributable to experimentally ob- 
served Raman line. 


1K. W. F. Kohlrausch, Physik. Zeits. 37, 58 (1936). 
2 L. Simons, Soc. Scient. Fenn., Comm. Phys.-Math. 6, 
13 (1932). 
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CALCULATION OF FREQUENCIES 


Fortunately we know that the strongest 
Raman line 992 cm of benzene is to be attrib- 
uted to the symmetric contraction and dilatation 
of the C.H--ring.* By this fundamental oscilla- 
tion ‘‘the pulsation,’’ the H-atoms oscillate in the 
same directions as the C-atoms. It is also proved 
that 3050 cm™ belongs to an analogue sym- 
metrical oscillation, by which however the C- 
and H-atoms move in opposite directions. The 
most important proofs of this attribution issue 
from the selection principles for the Raman 
effect, the experiments of polarization and from 


A B 


Fic. 1. 


m 


the conduct of the Raman frequencies by 
substitution. 

In the calculations we suppose that the 
valency forces k, h, g for C—C, C=C, and C—H 
linkages, respectively, in the benzene-ring are 
equal to these in open chains. 


CENTRIC MODEL 


We suppose a plane regular hexagon with a 
C-atom of the mass m in each corner and the 
elastic force kK=average of the elastic force of 
the single and double bonds. Obviously the 
C-atoms have to move radially by the pulsations 
of this model. In order to obtain the value of 


3L. Simons, Nordiska (19 skandinaviska) naturfor- 
skarmotet i Helsingfors 1936. 
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pulsation frequencies, we suppose that the C- 
atoms in the naked C-ring are connected with a 
fixed center by means of an elastic force f. The 
frequencies will then equal the frequencies of 
oscillations of the following linear model: an 


Fic. 2. (In the right figure the unmarked point of the 
triangle should be indicated as A.) 


infinite mass connected with the C-atom by f, 
which again is connected with the H-atom by g 
(Fig. 1). Differential equation of the movement 


Mx" = —fx—gx+egy 
= gx—gy. 


With substitution 


x=Ae™! 
y= Be', 
we get 
(Ma*?—f—g)A+gB=0 
gA+(mu*—g)B. 


Frequency w comes from the equation 


Mu*—f—g g 


=0. 
g —g 


Now the fictive elastic force has to be calcu- 
lated, which is done as follows: When all the 
C-atoms A, B, etc. have moved a distance + 
to the new positions A’, B’, etc. we obtain a 
new regular hexagon (Fig. 2). The sides AB, BC 


etc. are then elongated with a length yu. From. 


the figure we get 
p/2=r7 sin ¢=7 sin 30°=7/2. 


The work by the tension of the springs or the 
potential 
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If, on the other hand, the forces of the linear 
oscillators are called f, we get 


V=6-f-7?/2. 
From this we get the valency force 


f=k. 


THE KEKULE 


In calculating the corresponding dilatation 
frequencies of the Kekulé Model we can also 
from the viewpoint of frequency substitute the 
C,-ring by a C-atom, which is connected with an 
infinite mass by the elastic force f. The direction 
of the oscillation will not now be radial. We 
suppose that it coincides with the direction of 
the resultant of the moment forces. This is 
necessary if the oscillation is to be linear. This 
direction of the resultant is determined as 
follows (Fig. 3). 

When all the C-atoms A, B, C, D, E, F are 
elongated a Jength 7 to the new positions A’, B’,. 
C’, D’, E’, F’, we get the equiangular but not 
equilateral hexagon A’B’C’D’'E’F’. The sides 
AB, CD and FF are elongated with a length z, 
and the sides BC, DE and FA with a length u. 


A 


(a) 


We call the direction force of the single bond k 
and of the double bond hk. We call 


g=h/k. (1) 
From Fig. 3(a) we get 
u/2=7 cos l 


v/2=7 sin (l—30). (2) 
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(b) 
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(c) 
Fic. 3. 
3 
V 
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The force 
K,=ku 


works in point C’ in the direction of C’G and 
the force 
K2=hv 


in the direction C’H. From Fig. 3(c) we get 
hv sin / 


=, (3) 
ku sin (120-2) 


From Eqs. (1), (2) and (3) we get 
V/3 cot 2/=1—2-1/g. 
The potential 
V=3ku?/2+3hv?/2, 
on the other hand 


V=6-}- 
whereof 


From Eqs. (1), (2) and (3) we get 
(4) 


If an H- and a D-atom, respectively, are 
added, we suppose (and then we get a lower 
limit) that the H- and the D-atoms, respectiveiy, 
oscillate in the resultant direction mentioned 
above. Thus we come to the same frequency 
formula as by the centric model, but here we 
must take the value (4) for f. On the other hand, 
if we suppose that H and D, respectively, do not 
lie in the direction of the resultant, we get a 
greater value. When the C-H and the C-D direc- 
tion, respectively, is perpendicular to this direc- 
tion we get an upper limit. By the substitution in 


TABLE I. 


CALCULATED VALUES 
CENTRIC 
MODEL, 
KEKULE MODEL, TRIGONAL SYMMETRY 
SYMMETRY 
MOVABLE MASSES IN 
H, resp. D,| UNBURDENED | ABOVE-MENTIONED | MOVABLE 
FIXEDLY RING DIRECTION OF MASSES Os- 
MOLE- | CONNECTED] OSCILLATION RESULTANT IN RADIAL | SERVED 
CULE with C | (UPPER LIMIT) (LOWER LIMIT) DIRECTION | VALUES 
CcHe 873 909 869 1000 992 
(854) (889) (<854) (944) 
CeDe S41 830 830 951 944 
(823) (889) (<823) (895) 
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, f 
Aes) 
\ 
Fic. 4. 
the equation we use following values 
12 
M= g 
60.6 - 10” 
2 
m(H) = gZ, D) 
60.6- 107 60.6- 10°" 


and the valency forces according to Hibben‘ 


k=4.40-10° dyn-cm™ 
h=11.0-10° 
g=5.02-10° 


and according to Kohlrausch® 


k=4.31-105 dyn-cm— 
h=9.36-108 
g=4.58-108 


RESULTS 


The calculation results for both CsHs and CgD, 
are given in Table I. The frequencies obtained 
with the Kohlrausch values are placed in paren- 
theses. For purposes of comparison the experi- 
mentally measured frequencies are also given in 
the table. 

In the next figure (Fig. 4) we see the received 
oscillation formula both for the centric and the 
Kekulé model. A indicates the oscillation ampli- 
tude of the C-atom and B that of the H-atom. 


4]. H. Hibben, Chem. Rev. 18, 7 (1936). 
W.F. Kohlrausch, Der Smekal-Raman-effekt. (1931), 
p. 154. 
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2 
bad A 


The relation B/A between these amplitudes is 
given for every form of oscillation, as well as the 
frequency. By the Kekulé model the oscillation 
direction forms an angle of 41° 42’ with the direc- 
tion of the single linkage. 


DISCUSSION 


It follows from Table I that in no case by 
using the Kekulé model we can obtain the 
experimental value 992 for the CsH¢ pulsation, 
or by using the same force constants to 944 for 
C,D,. The real value of the Kekulé model 
pulsation frequency is smaller than the values 
that we get when we substitute 12 and 13 for m. 
For m=12 we get only 909, not to mention the 
case when m=13, when we get 873. Further- 
more I would like to point out that Rk is chosen 


quite big, because this value gives the value 1120 
for the pure C—C frequency, and in another 
way I have got a value = 1040 cm for the same.® 
The influence of g=h/k on the value of the 
frequencies is very small. 

On the other hand, we get a good conformity 
with the experimental values for a centric model 
with 1}-fold linkage forces both for CsH¢« and 
C.Ds, having the error limits of the force con- 
stants in view. It may be interesting to point 
out that the centric model for the higher fre- 
quencies gives the values 3047 (2943), 2271 
(2176) for the symmetrical C — H-oscillations of 
CoH, and respectively. These coincide 
with the experimental values 3060 and 2292, 
respectively, even considering the error limits. 


®L. Simons, Soc. Scient. Fenn. Comm. Phys.-Math. 8, 
16 (1935). 
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470-474. F. Almasy 
Relativistic Statement of the Causality Principle. pp. 
475-489. W. Scherrer 
Apparatus for Demonstration of Group and Phase 
Velocity. pp. 490-494. H. Greinacher 


Simultaneous Reflections of X-Rays and Indirect Exci- 
tation. pp. 495-506. M. Blanc and J. Weigle 
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Simple and Multiple Scattering by Metal Foils of 
Cathode Rays. pp. 577-592. E. Kruppke 
Dia- and Paramagnetism of Metallic Mixed Crystals: 


Dissolved Cobalt and Rhodium. pp. 593-608. 
E. Hildebrand 


“Irrational” Interference Phenomena Due to Passage of 
Fast Electrons Through Small Crystals. pp. 609-615. 
F. Kirchner and O. Riidiger 
“Irrational” Interference Points. pp. 616-618. 
Probe Measurements on Electron Beams. pp. 621-634. 
K. Stehberger 
Charge Transfer in Canal Rays of Hydrogen and 
Helium for Velocities of 30-200 kev. pp. 635-649. 
H. Meyer 
Adaptation of an Objective Colorimeter to the Measure- 
ment of Slight Coloration and Darkening. pp. 650-664. 
H. Dreyer 


Ser. 5, Vor. 30, No. 8, NovEMBER 25, 1937, 
Evaluation of Tube-Counter Measurements. pp. 665-— 

682. J. Meixner 
Behavior of Electron Beam of Uniform Velocity After 

Transmission Through a Thin Foil. pp. 683-687. 

F. Kirchner 

Electron Mirrors. pp. 689-712. G. Hottenroth 
Effect of Magnetic Field on Pg of Gases. pp. 713- 

727. H. Senftleben and i. “Gladisch 


Thermoelectromotive Force, Thompson Coefficient and 
Heat Conductivity of Nickel. pp. 728-744. A. Hammer 


Measurement of Optical Constants of Very Thin 
Meta! Layers. pp. 745-751. K. Forsterling 


Ser. 5, Vor. 31, No. 1, DecemBer 4, 1937. 


Longitudinal Field Strength of the Positive Column in 
the Low Pressure Discharge of Gas Mixtures at Differ- 
ent Current Densities and Pressures. pp. 1-28. 

H. Alterthum and A. Lompe 


First Spark Spectrum of Indium II. pp. 29-75. 
F. Paschen and J. Campbell 


Dielectric Behavior of Solid HBr in the Transformation 
Interval at 89° Abs. pp. 76-96 Damkohler 


Annales de Physique 


Ser. 11, Vor. 8, DECEMBER 1937. 


Krypton. pp. 467-483. E. Mathias et al. 
Beta- and Gamma-Rays from Radioactive Substances. 
pp. 484-554. Surugue 


Viii 


Electric Double Refraction of Liquefied Gases. pp. 555- 
678. R. Guillien 


Certain Properties of Ozone and Their Geophysical 
Properties. pp. 679-777 E. Vassy 


Astrophysical Journal 
Vor. 87, No. 1, JANUARY, 1938. 

New Solutions of the Equation of Radiative Transfer. 
pp. 1-8. Lyman Spitzer, Jr. 

Unidentified Interstellar Lines in the Yellow and Red. 
pp. 9-23. P. W. Merrill and O. C. Wilson 


Relative f-Values for Lines of Fez and Tirr. pp. 24-39. 
R. B. King and A. S. King 


Temperature in the Solar Reversing Layer Derived from 
Titanium Lines. pp. 40-44. Robert B. King 


Effect of an Adiabatic Layer Upon Solar Limb Dark- 
ening. pp. 45-52. Philip C. Keenan 


Line Intensities in Ultraviolet Stellar Spectra. pp. 53-67. 
H. Aller and L. G. Stoddard 


Fundamental Arc Series in Sodium and Its Presence in 
the Sun. pp. 68-71. P. Rood and R. A. Sawyer 


Canadian Journal of Research 
VoL. 15, No. 11, NovemMBErR, 1937. 


Force Measurements on Stop-log Models. pp. 181-192. 
K. F. Tupper 


Voi. 15, No. 12, DECEMBER, 1937, 


Spectrum of Doubly Ionized Mercury, Hg III. pp. 193- 
201. Martin W. Johns 


Helvetica Physica Acta 
VoL. 10, No. 6, DECEMBER 20, 1937, 
Ultraviolet Dispersion Measurements in Thiophene 


Furan and Pyrrol. pp. 431-454. V. Holbro 
Stern-Gerlach Experiment with Electrons. pp. 455-470. 
F. Adler 

Point Source for Continuous Ultraviolet Spectrum. pp. 
470-474. Almasy 

Relativistic Statement of the Causality Principle. pp. 
475-489. W. Scherrer 

Apparatus for Demonstration of Group and Phase 
Velocity. pp. 490-494. H. Greinacher 


Simultaneous Reflections of X-Rays and Indirect Exci- 
tation. pp. 495-506. M. Blanc and J. Weigle 
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Journal de Physique 
Ser. 7, Vor. 8, No. 11, NovemMBER, 1937. 
Recent Progress of Neutrino Theory. II. pp. 433-439. 
J. Solomon 


Molecular Interaction and Chemical Affinity. pp. 439- 
445. P. Girard and P. Abadie 


Extreme Intervals Between Radioactive Emissions. pp. 
446-452. E. Gumbel 


Focusing of Charged Particles by Circular Deviation in a 
Transverse Magnetic Field. pp. 453-470. L. Cartan 


Stretching of Monomolecular Films. pp. 471-476. M. Joly 


Absorption of y-Rays by the Nuclear Photo-Effect in 
Beryllium. pp. 477-480. J. Rotblat 


Journal of the Acoustical Society of America 
VoL. 9, No. 3, JANUARY, 1937. 
Some Cultural Applications of Modern Acoustics. pp. 
175-184. Vern O. Knudsen 
Improved Magnetostriction Oscillator. pp. 185-192. 
G. W. Pierce and A. Noyes, Jr. 
Theoretical and Experimental Investigation of the Trans- 
mission of Sound Over Reflecting Surfaces. pp. 193- 
204. G. W. Pierce and A. Noyes, Jr. 
Apparatus for Acoustic Research in the Supersonic 
Frequency Range. pp. 205-211. 
A. Noyes, Jr. and G. W. Pierce 
Acoustical Detection of Electrically Weak Vibrations in 
Quartz Plates. pp. 212-216. W. H. Pielemeier 
Absorption of Supersonics in Smokes. pp. 217-223. 
T. J. Laidler and E. G. Richardson 
Effect of Containing Tubes on Ultrasonic Velocities in 
Benzene. pp. 224-226. William H. Hulswit, Jr. 
Distortion in the Ear as Shown by the Electrical Re- 
sponses of the Cochlea. pp. 227-234. 
E. G. Wever and C. W. Bray 
Variations in Sound Absorption Coefficients as Obtained 
by the Reverberation Chamber Method. pp. 235-244. 
R. M. Morris et al. 
Predetermination of Speech Levels in Auditoria with 
Coupled Spaces. pp. 245-255. G. E. Morison 


Theory of the Clarinet. pp. 256-264. R. N. Ghosh 


Journal of Applied Physics 
Voit. 9, No. 1, JANUARY, 1938. 
Use of Microfilm in Documentation. pp. 1-4. 
Watson Davis 


Physical Interpretation of the Weather. pp. 5-15. 
Edgar Woolard 
Acoustic Vibrations and Internal Combustion Engine 
Performance. I. Standing Waves in the Intake Pipe 
System. pp. 16-23. Phillip M. Morse et al. 
Daniel Guggenheim Airship Institute. pp. 24-29. 
Th. Troller 


True Stress Strain Curves for Polycrystalline Material. 
pp. 30-33. 


Contributed Original Research: 


Hydrodynamic Analogy for Shearing Stress Distribution 
in Bending. pp. 39-43. M. A. Biot 

Compressibility and Velocity of Pressure Waves in Pe- 
troleum Oils. pp. 44-49. Robert Matteson 

Working Stresses for the Rational Design of Concrete 
Structures. pp. 51-53. Joseph Marin 


On Convection Currents in High Pressure Mercury Arcs. 
Carl Kenty 


pp. 53-66. 


R. K. Haskell. 


Journal of the Optical Society 
VoL. 28, No. 1, JANUARY, 1938. 


Optics and the Glass Industry. pp. 14. _E. D. Tillyer 


Availability of Optical Glass in America. pp. 5-7. 
George W. Morey 
Optical Glass Requirements of the Optical Industry. pp. 
2. 


8-1 W. B. Rayton 
ear Glass at the National Bureau of Standards. pp. 
13-17 A. N. Finn 


Photesioctric Transmission Spectrophotometer for the 
Measurement of Photosensitive Solutions. pp. 18-22. 
Simon Shlaer 


Optical Paradox. pp. 23-26. M. Herzberger 


Instrument to Study the Intensity Variation of Transient 
Light Pulses. pp. 27-29 J. D. Kelley 


Necrology. pp. 30-32. 


Journal of the Franklin Institute 
VoL. 225, No. 1, JANUARY, 1938. 
Reflection Characteristics of Road Surfaces. pp. 1-22. 


P. Moon and R. M. Hunt 


Measurement of Light from a Tellurium Vapor Arc. pp. 
45-52. J. W. Marden et al. 


Operational Representation of Discontinuous Func- 
tions. pp. 53-62 Louis A. Pipes 


Mechanical Solution of Algebraic Equations. pp. 63-72. 
H. C. Hart and I. Travis 


Concerning the Herschel Effect. pp. 73-80. 
F. G. Person and J. M. Blair 


Efflux of Gases through Orifices—Kinetic Theory. pp. 
81-94, B. V. Korvin-Kroukovsky 


Journal of Research of the National Bureau of 
Standards 


VoL. 19, No. 6, DECEMBER, 1937. 


Method and Apparatus for the Rapid Conversion of 
Deuterium Oxide Into Deuterium. pp. 605-612. 
J. W. Knowlton and F, D. Rossini 


Arc and Spark Spectra of Ytterbium. pp. 651-664. 
W. F. Meggers and B. F. Scribner 


Improved Apparatus for Measuring the Thermal Trans- 
mission of Textiles. pp. 675-685. Richard S. Cleveland 


Journal of Scientific Instruments 
Voi. 15. No. 1, JANuARY, 1938. 
Advantages of Unit Construction of Electrical Labora- 


tory Instruments. pp. 1-4. V. Drysdale 


Telephotometer Employing the Maxwellian View Prin- 
ciple and its use in Measuring Atmospheric Trans- 
mission. pp. 5-16. L. J. Collier and W. G. A. Taylor 


Simple Spring Torsion Balance. pp. 17-21. A. C. Fabergé 


Measurement of Transient Maximum and Minimum 
Voltages by Means of a Thyratron Potentiometer. pp. 
22-23. A. Hickling and J. H. Bruce 


Thermionic Trigger. pp. 24-25. Otto H. Schmitt 


Laboratory and Workshop Notes: 
Zero Shift in Sensitive Moving-Coil Galvanometers. pp. 


26-27. V. Voss and M. N. S. Immelman 
Soft Soldering on to Stainless or Case-Hardened Steel. 
p. 28. O. Kantorowicz 
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New Instruments and Tools: 


Revolving Cantilever Beam Testing Machine. p. 28. 
Rubberless McLeod Gauges. p. 30. 

Ultra-Violet Photometer. p. 30. 

Thermionic Valve. p. 31. 

Device for Control of Boiler Water Feed. p. 32. 
Vacuum Drying Oven. p. 32. 

Drum Camera. p. 33. 


Nature 
Voi. 140, No. 3554, December 11, 1937. 


Physical Interest of Eclipses. p. 991. F. J. M.S. 


Letters to the Editor: 


Structure of Metals. p. 1011. Alex. Miiller 
X-Ray Investigation of the Cause of High Coercivity in 
Iron-Nickel-Aluminium Alloys. p. 1012. 
A. J. Bradley and A. Taylor 


Refractive Indexes of Helium I and II. p. 1015. 
E. F. Burton 


VoL. 140, No, 3555, DECEMBER 18, 1937. 
Letters to the Editor: 


Effect of Catastrophic Ionospheric Disturbances on Low- 
Frequency Radio Waves. p. 1060. 
; K. G. Budden and J. A. Ratcliffe 
Effect of a Magnetic Field on the Electrodeless High- 
Frequency Discharge. p. 1061. E. W. B. Gill 
Interpretation of Atomic Constitution. p. 1061. A. S. Eve 


Force Constants and Molecular Structure. p. 1065. 
H. W. Thompson and J. W. Linnett 


Anomalous Dielectric Constant of Artificial lonosphere. 
p. 1066. S. K. Mitra and K. K. Roy 


VoL. 140, No. 3556, December 25, 1937. 
Letters to the Editor: 


Divided Aurora Rays with one Part in the Sunlit and 
another in the Dark Atmosphere. p. 1095. 
Carl Stormer 
Mechanism of Optical Sensitizing of Silver Halides by 
Dyes. p. 1096. S. E. Sheppard et al. 
New Oxidation Catalyst. p. 1097. 
J. G. Dewan and D. E. Green 
Influence of Hydrogen and Water Vapour upon the 
Combustion of Carbon Monoxide Mixtures. p. 1098. 
W. T. David and B. Pugh 
Sound-Films as Diffraction Gratings for Visual Fourier 
Analysis of Sound-Waves. p. 1099. D. Brown 
Adiabatic and Isothermal Compressibilities of Heavy 
Water. p. 1099. S. Bhagavantam and B. S. R. Rao 
Series Effect on the Dipole Moments of Some Alkyl 
Halides. p. 1100. E. G. Cowley and J. R. Partington 
Rotational Analysis of the Visible O,* Bands. p. 1101. 
Thomas E. Nevin 
Volume-Rectification of Crystals. p. 1102. B. K. Sen 
Bright Meteor of November 9. p. 1102. A. E. Moon 


VoL. 141, No. 3557, JANuARy 1, 1938. 
Organ Pipes and Edge Tones. pp. 11-13. 
G. Burniston Brown 
Letters to the Editor: 
Faraday on Electromagnetic Propagation. p. 36. 
Sir Joseph Larmor 


Diffraction of Light by Supersonic Waves in Solids. p. 37. 
N.S. N. Nath and H. Mueller 


Magnetic Moments of the Proton and Neutron. p. 37. 
H. Frolich and W. Heitler 


Surface Slit Viscosimeter and the Viscosity of Mono- 
layers. p. 38. W. D. Harkins and J. G. Kirkwood 


Supplement: 
Science and the Unobservable. pp. 21-28. Herbert Dingle 


Naturwissenschaften 
Voi. 25, No. 49, DECEMBER 3, 1937. 
Report on International Short Wave Congress, Vienna, 
August, 1937. pp. 788-794. O. Stierstadt 
Beryllium Atom of Mass 8. p. 794. F. Kirchner et al. 


Mechanism of Sensitizing Photochemical Reactions by 
Dyes. p. 795. G. Schiebe 


Philosophical Magazine 


VoL. 24, No. 165, DECEMBER, 1937. 
Diamagnetic Susceptibilities of some Complex Ions. 
pp. 1025-1041. S. R. Rao and S. Sriraman 
Frequencies and Nodal Systems of Circular Plates. pp. 
1041-1055. R. C. Colwell and H. C. Hardy 
Fourier Expansions Obtained Operationally. pp. 1055-~ 
1058. N. W. McLachlan 
Use of Blue Filters in the Derivation of Candlepower 
Standards. pp. 1059-1072. H. Buckley 
Deflexion of Thin Rectangular Plates Clamped at the 
Edges and Uniformly Loaded. pp. 1072-1082. B.C. Laws 
On Some Operational Representations of Products of 
Parabolic Cylinder Functions and Products of La- 
guerre Polynomials. pp. 1082—1093. W. T. Howell 
Thermionic Emission. pp. 1093-1103. E. W. B. Gill 
Measurements of Thermal Diffusion in Gas Mixtures. 
pp. 1103-1114. Grete Bliih et al. 
Extensions of the New Family of Wing Profiles. pp. 1114—- 
1126. R. W. Piper 
Two-dimensional ‘“‘Ice-pail.”” pp. 1127-1132. E. P. Adams 


Physical Review 


VoL. 53, No. 2, JANUARY 15, 1938. 


Latitude Effect for Cosmic-Ray Showers. pp. 111-116. 
H. V. Neher and W. H. Pickering 
Radioactivity in Silver Induced by Fast Neutrons. pp. 
116-123. M. L. Pool 
Radiations Emitted from Artificially Produced Radio- 
active Substances. IV. Further Studies on the Gamma- 
Rays from Several Elements. pp. 124-127. 
J. Reginald Richardson 
Experiments with a Condenser Discharge X-Ray Tube. 
pp. 128-134. K. H. Kingdon and H. E. Tanis, Jr. 
Further Study of X-Ray Diffraction in Quartz. pp. 135— 
136. G. W. Fox and J. R. Frederick 
Mass Ratio of the Carbon Isotopes from the Spectrum 
of CN. pp. 137-140. 
F. A. Jenkins and Dean E. Wooldridge 
Band Spectra of PbSe, SnSe and PbTe in Absorption. 
pp. 140-145. 
J. W. Walker, J. W. Straley and Alpheus W. Smith 
Spectrum of the Arc in Hydrogen. pp. 146-152. 
R. W. Wood and G. H. Dieke 
Approximately Relativistic Equations. pp. 153-173. 
G. Breit 
On Multiple Scattering of Neutrons. I. Theory of the 
Albedo of a Plane Boundary. pp. 173-183. 
O. Halpern, R. Lueneburg and O. Clark 
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Energy Distribution of Photoelectrons from Sodium. 
pp. 184-193. A. G. Hill 


Energy Flux of the Corpuscular Cosmic Radiation. pp. 
193-195. C. G. Montgomery and D. D. Montgomery 


Letters to the Editor: 
Artificial Radioactivity Produced by Cosmic Rays. p. 
196. W. E. Ramsey et al. 

Kinetic Theory of the Motion of Ions in Gases. p. 197. 

F. B. Pidduck 
Heavy Beta-Rays from Ra E. p. 197. G. E. M. Jauncey 
Excited States of the Alpha-Particles. p. 198. 

H. Margenau 


Magnetic Interaction in Heusler Alloy. p. 199. 
L. W. McKeehan 


On the Lower Bounds of Weinstein and Romberg in 
Quantum Mechanics. p. 199. A. F. Stevenson 


On the Determination of Single Crystal X-Ray Diffrac- 
tion Patterns from Two-Crystal Spectrometer Rocking 


Curves. p. 200. 
F. Miller, Jr. and L. G. Parratt 


Physikalische Zeitschrift 
VoL. 38, No. 23, DECEMBER 1, 1937. 
New Results in Nuclear Research. pp. 924-929. 
R. Fleischmann 


Theoretical Investigations of Nuclear Forces. pp. 929- 
935. F. Hund 


Cosmic-Ray Showers. pp. 936-943. H. Geiger 
Theoretical Approach to Cosmic-Ray Problem. pp. 943- 
951. H. Euler 
Mass Spectrography and Nuclear Structure. pp. 951- 
960. J. Mattauch 
Mechanical Moment of Srs; Nucleus and Radioactivity of 
Rbs;. pp. 960-961. M. Heyden and H. Kopfermann 
Concentration of Rubidium Isotopes. pp. 961-964. 
W. Walcher 
Nuclear Transformations and Cosmic Radiation. pp. 
964-967. W. Bothe et al. 
Resonance Effects in a-n-Nuclear Transformations. pp. 
967-969. E. Fiinfer 
Ionizing Power of Hydrogen and Helium Nuclei. pp 
969-973. F. Kirchner et al. 
Continuous Beta-Spectrum of Ra E. pp. 973-975. 
A. Flammersfeld 
Cosmic-Ray Latitude Effect. pp. 975-978. A. Ehmert 
Lecture Demonstration of Nuclear Disintegration with 
Canal Rays. pp. 979-981 Dopel 
Passage of 0-200 Volt Electrons Through Metal Foils. 
pp. 981-984 H. Katz 
Field Emission from Composite Cathode Under Electron 
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pp. 315-336. F. Kerkhoff 
Resistance Measurements of Selenium at High Field 
Strengths. pp. 337-364. F. Henninger 


Effect of Temperature on Wave-Length Shift of Color 
Centers of Crystals. pp. 365-376. H. Pick 


Annales de Physique 
Ser. 11, Vor. 9, JANvARY, 1938, 
Electric Conductivity of Cuprous Oxide. pp. 5-104. 
L. Dubar 


Initial Magnetization. pp. 105-176. T. Kahan 


Bell System Technical Journal 
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ics. pp. 263-276. Edwin C. Kemble 
Electrodynamics of Ponderable Bodies. pp. 277-288. 
J. C. Slater 


Significance of Atomic Entities in Modern Atomic Struc- 
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Letters to the Editor: 
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Rhodium Isomers. p. 125. H. Reddemann 


Philosophical Magazine 
VoL. 25, No. 167, Fepruary, 1938. 

On the Form Assumed by a Steadily Rotating Thread. 
pp. 193-234. A. W. Hall and W. Hunter 


Paramagnetism of the Iron Group. pp. 234-242. 
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Efficiency of a y-Ray Counter. pp. 105-110. 
G. Sizoo and H. Willemsen 


Magnetic Storm and Variation of Cosmic Rays. pp. 111- 
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On the Velocity and Temperature Distributions in the 
Turbulent Wake Behind a Heated Body of Revolu- 
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ae I get sick? After all, I’m only 


human. And if I do get a touch of colic 
. or have a nervous breakdown .. . do 
you know what'll bring it on? Worry! Yes, 
sir, worrying about how long it would take 
us to get the doctor if anything happens. 
“Or suppose a pipe bursts in the bath- 
room? Or a burglar comes along? When 
something like that happens, you don’t 
write a letter, or go after help on horseback. 
No, sir. You hop to a telephone! 
“And what about my mother? She’s got 
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Magnetic Field. pp. 43-55. A. D. Misener 
Progressive Lightning. V. A Comparison of Photographic 
and Electrical Studies of the Discharge Process. pp. 
56-75. B. F. Schonland et al. 
X-Ray Studies of the Structure of Hair, Wool, and Re- 
lated Fibres. IV. The Molecular Structure and Elastic 
Properties of the Biological Cells. pp. 76-96. 
H. J. Woods 
Development of the Spark Discharge. pp. 97-126. 
T. E. Allibone and J. M. Meek 
Quantum Theory of Einstein-Bose Particles and Nuclear 
Interaction. pp. 127-153. N. Kemmer 
On the Nuclear Forces and the Magnetic Moments of 
the Neutron and the Proton. pp. 154-177. 
H. Frohlich et al. 


Review of Scientific Instruments 
Voi. 9, No. 6, June, 1938. 
Physics Forum: 
Science and Society. pp. 167-169. 
Contributed Articles: 
Oscillator for Ultra-High Frequencies. pp. 170-174. 
W. L. Barrow 
Measurement of the Radiofrequency Voltage in a 
Cyclotron. pp. 175-178. 
W. E. Danforth and M. B. Sampson 
Transformation Pantograph for the Reduction of Micro- 
photometer Tracings. pp. 178-179. 
Henry Hemmendinger 
Circuit for the Rapid Extinction of the Arc in a Thyra- 
tron. pp. 180-182. W. H. Yickering 
Circuits Producing Sharp Electrical Impulses Free from 
Curvature and Their Use in Oscillograph Work. pp. 
183-186. J. C. Morgan 
Characteristics of a Strong lon Source. pp. 187-193. 
Gregory Timoshenko 
Potentiometric Measurement of Extremely Small Volt- 
ages. pp. 194-195. I. Amdur and H. Pearlman 
Photoelectric Current Limiting Device for Insulation 
Measurements. pp. 196-198. 
E. B. Baker and H. A. Boltz 


H. A. B. 


LITERATURE OF 


PHYSICS 


High Temperature Vacuum Furnace for Spectroscopic 
Work. pp. 199-200. Kenneth R. More 
Laboratory and Shop Notes: 
Adjustable Leak Valve. p. 201. 
W. L. Edwards and L. R. Maxwell 
Glass Capillaries with-a Rectangular Cross Section. p. 
201. H. W. Leighton and N. D. Smith 
Metal Evaporators. p. 202 Henry B. DeVore 
Convenient Light Sources for Visible and Ultraviolet. 
p. 203. J. Gibson Winans 


Zeitschrift fiir Physik 
Vo. 109, Nos. 1-2, May 4, 1938. 

Simultaneous Raman Diffraction by Several Supersonic 
Waves. pp. 1-13. L. Bergmann and E. Fues 


Dynamic Theory of Space Lattice Diffraction. pp. 14-24. 
E. Fues 
Eigenvalues of Diatomic Molecules and Computation of 
Dissociation Energy. pp. 25-38. S. Chakravorti 
Band Spectrum of SnO. pp. 39-51. 
P. Mahanti and A. Sen Gupta 
Dielectric After-Effect in Solid Non-Conductors. pp. 
52-79. G. Voglis 
Oscillographic Study of Unipolar Conductivity of Car- 
borundum. pp. 80-84. J. Bose and S. Khastgir 
Relation of Frequency and Polarization of Stark Effect 
Components Under Sudden Changes of Field Condi- 
tions. pp. 85-107. R. Gebauer 
Intensity Ratios of Stark Effect Components of Hydro- 
gen Lines. pp. 108-120. N. Ryde 
Emission of Electrons Due to Impact of Positive Ions 
on the Cathode of a Glow Discharge Tube. pp. 121- 
126. A. Giintherschulze and W. Bar 
Refractive Index of Interstellar Space. pp. 127-138. 
E. Schoenberg 


Conceptual Foundations and Notation of Quantum 
Theory. pp. 139-146. F. Jiittner 


Zeitschrift fiir Technische Physik 
Vor. 19, No. 4, 1938. 

Selenium Photoelements and Their Applications. pp. 92- 
97. W. Behrendt 


Simple Arrangement for Elimination of Parallax in 
Pointer Readings. pp. 97-98. H. Bumann and G. Ritzow 


New Three-Color Measuring Device. pp. 98-103. 
M. Richter 
Stationary and Variable Temperature Distributions 
Along Wires and Rods Heated by Electric Current or 
by Radiation. pp. 105-113. J. Fischer 
Clean-Up of Inert Gases. II. pp. 113-118. 
H. Alterthum and A. Lompe 


VoL. 19, No. 5, 1938. 


Operation of Spark Counters: Circuit for Counting 
Quanta and Photoelectrons. pp. 132-134. 
H. Greinacher 


New Methods of Measurement in Communication En- 
gineering. pp. 135-146. R. Tamm 


Apparatus for Purification of Inert Gases and Hydrogen. 
pp. 146-150. 


W. Weizel 


| 


August, 1938 Vii 


ANNOUNCING. 
HIGH-VACUUM DIFFUSION PUMPS 


All-glass, 3-compartment, 2-jet unit 


HE ALL-GLASS, 3-compartment, 2-jet pump 

is specially adapted for scientific work where 

a very high vacuum is required. It is so designed 

that purification of the pump oil takes place dur- 

ing operation. By this patented fractionation 

process the best possible vacuum and pump- 

ing speed are assured, and all impurities are 
rejected continuously. 

THE GLASS-METAL, high-speed pump is 

suitable for the evacuation of cyclotrons, vacuum 


PUMP OIL 
RECOMMENDED 
Glass-metal, high-speed Amoil-S 
Octoil 
All-glass, 3-compartment, 2-jet Octoil 


Octoil-S 


Further information will be forwarded promptly upon request. 


PRESSURE SPEED PRICE f.0.b. 
OBTAINABLE at 10-! mm. ROCHESTER, N. Y. 
10° mm. 220 I/s. $120.00 
5x 10° 220 
7x 107 12 $123.00 
5x 107 12 


Glass-metal, high-speed unit 


spectrographs, and other large volumes. Indus- 
trially, it may be used in metal sputtering or 

‘aporation processes and in the manufacture of 
electronic tubes of various types. 

These pumps are of precision construction, 
operate with air cooling, and in general do not 
require a cold-trap or baffle. Ultimate vacuum is 
measured by means of an ionization gauge at 
25° C. Both units are furnished with electric 
heaters for operation from a 110-volt line. 


EASTMAN KODAK COMPANY 


Distillation Products, Inc. 


Rochester, N. Y. 
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CURRENT LITERATURE OF PHYSICS 


HE Fditors present for convenient reference in this section a list of those articles dealing with 

physics published in some thirty selected journals. Their definition of the scope of physics and 
their selection of the particular journals to be included are necessarily based on their interpretation 
of the wishes of the majority of the readers. The emphasis is placed on prompt mention and con- 
venience of use rather than completeness. For many other excellent articles and publications, reference 
should be made to the regular abstract journals. Miss Margaret Shields, Physics Librarian at Prince- 
ton University, very kindly prepares the listings for the foreign language journals. 


Acta Physica Polonica 
VoL. 6, No. 4, 1937. 

Theory of Disintegration of Deuterons by Deuterons. 
pp. 327-334. J. Kreisler 


Tentative Theory of the Nucleus. pp. 335-345. 
F. Wisniewski 


Method of Thermoelectrolytic Temperature Measure- 
ments. pp. 346-349, S. Zamenhof 


Franck-Condon Principle. pp. 350-355. A. Jablonski 
Equations of Motion of Material Systems in the Min- 
kowski Universe. pp. 356-370. J. Lubanski 
Wave-Mechanical Treatment of Broadening of Spectral 
Lines. pp. 371-391. A. Jablonski 
Motion of Electrons in a Dynamic Amplifier. pp. 392— 
402. W. Majewoki 
Electric Current and Counter-Potentials in Natural and 
Gamma-Rayed Paraffin. pp. 403-424. W. Scislowski 
Mobility of Ions in Very Viscous Liquid Dielectrics. 
pp. 425-431. J. Swietoslawska and I. Adamczewski 
Dependence of lonic Mobility on Temperature in Liquid 
Dielectrics. pp. 432-444. I. Adamczewski 


Annalen der Physik 
VoL. 32, No. 3, JUNE, 1938. 


Theory of Electron Diffraction in Case of More Than 
Two Beams and Explanation of Kikuchi Envelopes. 
II. pp. 225-241. E. Lamla 

Measurement of the Second-Order Doppler Effect. pp. 
242-244. O. Scherzer 

Application of Transverse Field Method to Ionization 
and Charge Transfer Cross Section. pp. 245-252. 

E. Persico and A. Rostagni 

Magnetic Threshold for Supraconductivity. pp. 253-258. 

M. v. Laue 

Dependence of Resistance of Nickel Crystals on Direc- 

tion of Spontaneous Magnetization. pp. 259-276. 


W. Doring 


Absorption and Dispersion of Sound in Liquids. pp. 277- 
289. H. Kneser 


Moment of Cubic Single-Crystals in Magnetic Fields. 
pp. 290-300. H. Mussmann and H. Schlechtweg 


Displacement of Proper Frequency and Damping in 
Coupled Circuits. pp. 301-312. K. Wagner 
Annales de Physique 
VoL. 9, MAy—JuNE, 1938. 


Explosive Light Source of Great Brilliance. pp. 645-722. 
M. Vaudet 


Experimental Study of Electron Affinity of Gases. pp. 
723-803. L. Goldstein 


Astrophysical Journal 
Vou. 87, No. 5, JUNE, 1938. 

Far Infrared Absorption of Atmospheric Water Vapor. 
pp. 497-507. Walter M. Elsasser 


On the State of Matter in the Interior of the Planets. 
pp. 508-516. Rupert Wildt 


Radial Velocities of Some Early-Type Stars. pp. 517-519. 
R. F. Sanford and P. W. Merrill 


On the Helium and Hydrogen Content of the Interior 
of the Stars. pp. 520-534. Bengt Stromgren 


Integral Theorem on the Equilibrium of a Star. pp. 535— 
S. Chandrasekhar 


150-Foot Nebular Spectrograph of the McDonald Ob- 
servatory. pp. 559-567. O. Struve et al. 


Evidence for Complex Structure in Lines of Interstellar 
Sodium. pp. 568-572. C. S. Beals 


Canadian Journal of Research 
VoL. 16, No. 5, May, 1938. 

Density Differences at the Critical Point According to 
R. Plank’s Equation of State. pp. 89-99. R. Ruedy 


Device for the Automatic Regulation of the Current in 
a Shearer X-Ray Tube. pp. 100-104. Hugh Le Caine 


Note on “The Altitude Effect on the Specific Ionizing 
Power and Zenith Angle Distribution of Cosmic 
Rays.” p. 105. D. K. Froman and J. C. Stearns 


Comptes Rendus 
VoL. 206, No. 22, May 30, 1938. 

Zeeman Effect in an Anomalous Series of Argon. pp. 
1635-1638. P. Jacquinot 


Ozone Absorption Coefficients in the Chappuis Bands. 
pp. 1638-1639. A. Vassy 
New Type of X-Ray Diagrams. pp. 1641-1643. 
A. Guinier 


Radioelement of 3.5 hour Period Induced by Neutrons 
in Uranium. pp. 1643-1644. I. Curie and P. Savitch 


Helvetica Physica Acta 
VoL. 11, No. 4, June 18, 1938. 


Rochelle Salt Dielectric Properties. pp. 269-298. 
G. Busch 
Exchange Forces in Electrodynamics and in Field 
Theory of Nuclear Forces. pp. 299-328. E. Stueckelberg 
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TWO IMPORTANT NEW BOOKS 


Sutton—DEMONSTRATION EXPERIMENTS IN PHYSICS 


Edited by Ricnarp M. Sutrron, Haverford College. 525 pages, 6x9. $150 


This collection of nearly twelve hundred lecture experiments in physics was prepared 
under the auspices of the American Association of Physics Teachers, with contributions 
from two hundred physicists in one hundred thirty institutions. Descriptions of 
experiments are direct; every demonstrable principle of physics has been illustrated 
by one or more experiments; in many cases, experiments are described for which 
published accounts have not hitherto been available. 


Smith—ELEMENTS OF PHYSICS. New fourth edition 
By Avpueus W. Siru, Ohio State University. 783 pages, 6x 9. $3.75 

In the new edition of this eminently suceessful textbook the author presents, as before, 
a limited number of physical principles in such a way as to encourage the student to 
form clear and distinct physical concepts and to acquire a basis for correct scientific 
thinking. The book has been thoroughly revised and brought up to date. The 
problems have been entirely rewritten and rearranged, and many new illustrations 
have been added. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Ine. 
330 West 42nd Street New York, N. Y. 


PHOTOELEMENTS 


and Their Applications 


By 
DR. BRUNO LANGE 
Consulting Engineer, Berlin, Dahlem; formerly Re- 
search Physicist with Kaiser Wilhelm Institute, Berlin. 
TRANSLATED BY ANCEL St. Jonn, Pu.D. 

Dr. Lange who is the inventor of one of the most widely utilized types of Photoelectric equipment, 
and who has devoted a life time of study to the subject, has endeavored in this book to give a clear 
outline of the basic electric phenomena and the historical development of Photoelements and_ their 


physical properties, and a detailed discussion of the many-sided possibilities of applying them for sci- 
entific and industrial purposes. 


Among the scientific uses of photoelectric apparatus are measurements of transparency and density ; 
color analysis and evaluation, reflection and visibility measurements; and numerous astronomical and 
meteorological determinations. Industrial uses include counting devices, gloss determination, optical 
train control, photography, smoke indicators, and synchronization of sound pictures. 


This book will be invaluable as a source of help and inspiration to workers in fields as varied as 
chemical and physical research, railroad management efficiency engineers, bacteriology, medicine, as- 
tronomy, meteorology and oceanography. 


304 Pages Profusely Illustrated Price, $5.50 


REINHOLD PUBLISHING CORPORATION, 


Please mention this journal when writing to advertisers 
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x CURRENT LITERATURE OF PHYSICS 


Losses in Magnetic Media. pp. 329-338. R. Goldschmidt 


Electron Band Spectra of the Linear Molecules HgCh, 
HgBrz, Hgl, and TeCh,. pp. 339-356. M. Wehrli 


Journal de Physique 
VoL. 9, No. 5, May, 1938. 


Absorption Bands of Rubidium and Caesium in Presence 
of Foreign Gases. pp. 169-170. 
Ny Tsi Zé and Chen Shang Yi 
Plane Monochromatic Wave Solutions of the Dirac 
Equation. pp. 171-177. G. Petiau 
Theory of Caustics. pp. 178-184. J. Coulomb 
Theory of Mechanical Phenomena in the Internal Ear. 
pp. 185-194. J. Reboul 
Practical Cases of Forced Heat Convection in Laminar 
Regions. pp. 195-204. G. Ribaud 


Stefan’s Law and Nonlinear Electrodynamics. pp. 205— 
208. B. Kwal and J. Solomon 


Journal of the Acoustical Society of America 
VoL. 10, No. 1, Juty, 1938. 


Effects of Cylindrical Pillars in a Reverberation Cham- 
ber. pp. 1-5. Paul E. Sabine 

Diffraction Produced by Cylindrical and Cubical Ob- 

stacles and by Circular and Square Plates. pp. 6-13. 
G. G. Muller et al. 

On Distortion in Sound Reproduction from Phonogiaph 
Records. pp. 14-28. J. A. Pierce and F. V. Hunt 

Operational Treatment of Nonlinear Dynamical Sys- 
tems. pp. 29-31. Louis A. Pipes 
Acoustic Spectra of Organ Pipes. pp. 32-40. C. P. Boner 

Finite Solid Acoustic Filters. pp. 41-44. 

R. B. Lindsay and A. B. Focke 

Insulation of Air-Borne Sound. The Application of 

Laboratory Results to Practical Building Problems. 
pp. 45-49. C. J. Morreau 

Acoustical Output Problems of the Automotive Fan. 
pp. 63-67. Beecher B. Cary 

Vibrations of Symmetrical Plates and Membranes. pp. 
68-73. R. C. Colwell et al. 


Journal of Applied Physics 
VoL. 9, No. 7, Juty, 1938. 
Scientific Training and Its Relation to Industrial Prob- 
lems. pp. 427-430. C. F. Kettering 
Resumés of Recent Research. pp. 431-432 
Human Beings and the Motor Car. pp. 433-437. 
Carl Breer 
Physics of Rubber as Related to the Automobile. pp. 
438-452. W. F. Busse 
Some Physical Problems in Noise Measurement. pp. 
452-456. Paul Huber 


Photoelastic Analysis Practically Applied to Design. 
Problems. pp. 457-470. O. J. Horger 


Contributed Original Research: 


Operating Characteristics of Power Tubes. pp. 471-482. 
E. L. Chaffee 
Cathode Spot Fixation and Mercury Pool Temperatures 
in an Ignitron. pp. 483-484. 
J. Slepian and A. H. Toepfer 
Note on Certain Guided Waves in Slightly Noncircular 
Tubes. pp. 484-488. S. A. Schelkunoff 


Journal of the Franklin Institute 
VoL. 225, No. 6, JUNE, 1938. 


Some Aspects of the Present Status of the Thermo- 
dynamics of Electrolytic Solutions. pp. 623-660. 
Herbert S. Harned 
Conductance of Aqueous Solutions of Electrolytes. pp. 
661-686. Duncan A. MacInnes 
Solutions of Electrolytes in Non-Aqueous Solvents. pp. 
687-709. Charles A. Kraus 
Kinetics in lonic Systems. pp. 709-738. Victor K. La Mer 
Computation of Ionization Constants and Limiting Con- 
ductance Values from Conductivity Measurements. 
pp. 739-744. Theodore Shedlovsky 


VoL. 226, No. 1, Jury, 1938. 


Spectroscopy in Industry. pp. 1-18. George R. Harrison 
Flight of the Projectile. pp. 19-34. R. H. Kent 
On the Role of Tube Walls, and Surface and Space 
Charges in Electrical Discharges through Rarefied 
Gases. pp. 35-66. John Zeleny 
Critical Remarks on the Interpretation of Quantum 
Theory. pp. 83-98. Alfred Landé 


Journal of the Optical Society of America 
VoL. 28, No. 7, Jury, 1938. 


Experimental Study of the Rate of a Moving Atomic 
Clock. pp. 215-226. H. E. Ives and G. R. Stilwell 
Brightness of the Twilight Sky and the Density and 
Temperature of the Atmosphere. pp. 227-237. 
E. O. Hulburt 
Tungsten, Mercury and Sodium Illuminants at Low 
Brightness Levels. pp. 237-240. 
M. Luckiesh and A. H. Taylor 
Photometry of Colored Light Sources. pp. 241-248. 
W. E. Forsythe et al. 
Experimental Study of Latent-Image Formation by 
Means of Interrupted and Herschel Exposures at Low 
Temperature. Measurements of Reciprocity Law Fail- 
ure at Low Temperature. pp. 249-263. 
J. H. Webb and C. H. Evans 
Apparatus for the Study of the Raman Effect. pp. 264 
265. A. H. Pfund 
Spring Suspended and Thermostated Littrow Spectro- 
graph. pp. 266-268. N. A. Kent and R. G. Lacount 
Adaptometer for Measuring Human Dark Adaptation. 
pp. 269-275. S. Hecht and S. Shlaer 
Optical Paradox. pp. 276. H. W. Lee 


Journal of Research of the National Bureau of 
Standards 


Vor. 20, No. 5, May, 1938. 


Effect of Carbon on the Critical Cooling Rate of High- 
Purity Iron-Carbon Alloys and Plain Carbon Steels. 
pp. 571-587. Thomas G. Digges 

Electromotive Force of Saturated Weston Standard 
Cells Containing Deuterium Oxide. pp. 599-605. 

L. H. Brickwedde and G. W. Vinal 

Maximum Usable Frequencies for Radio Sky-Wave 
Transmission, 1933 to 1937. pp. 627-639. 

Theodore R. Gilliland et al. 

Minimum Perceptible Colorimetric Purity as a Function 
of Dominant Wave-Length. pp. 673-682. 

I. G. Priest and F. G. Brickwedde 
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RAMAN SPECTROGRAPH 


Excellent definition and permanence of adjustment characterize 
the L256 Raman Spectrograph shown above, which has an aperture 
ratio of F/3.5. Apertures up to F/1.75 are available with new designs. 


Details on request 


THE GAERTNER SCIENTIFIC CORPORATION 
1212 WRIGHTWOOD AVE. CHICAGO, U.S.A. 


JOURNAL OF SCIENTIFIC INSTRUMENTS 


A MONTHLY PUBLICATION DEALING WITH 
THEIR PRINCIPLES, CONSTRUCTION AND USE 


Produced by the Institute of Physics with the Co-operation of the National Physical Laboratory 


CONTENTS 
Special Articles dealing with the Trend of Development of various classes of Instruments, Working Processes, 
and with Matters of General Interest to Manufacturers. 
By Recognised Authorities. 


Contributed Papers on New Methods and Apparatus. 
By Workers in every Branch of Science and Manufacture. 


New Instruments Section: the scope includes 
Physics and Chemistry 
Optics and Surveying 
Meteorology and Metrology 
Electrical and Mechanical Engineering 
Physiology and Medicine. 


Laboratory and Workshop Notes, Correspondence, New Books, Catalogues, Notes and Comments, and 
Institute Notes are also included. 


The subscription rate for a yearly volumeis £ 1.10.0 net (post free) payable in advance. Separate parts 2s.8d. 
(post free). Subscriptions should be sent to the publishers. 


THE INSTITUTE OF PHYSICS 
1 LOWTHER GARDENS, EXHIBITION ROAD, LONDON, S.W.7 ENGLAND 


Please mention this journal when writing to advertisers 
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Application of Vertical-Incidence lonosphere Measure- 
ments to Oblique-Incidence Radio Transmission. pp. 
683-705. Newbern Smith 


Journal of Scientific Instruments 
VoL. 15, No. 6, JUNE, 1938. 


Sound and Noise Insulation. pp. 185-189. G. W. C. Kaye 
Method of Maintaining Transparency in Glass Observa- 
tion Windows. pp. 190-193. C. W. Ockleford 
Disk Damping Magnets for Electricity Energy Meters 
in the Newer Permanent Magnet Alloys. pp. 193-200. 
D. A. Oliver 


Recurrent Surge Oscillograph. pp. 201-205. G. J. Scoles 


Laboratory and Workshop Notes: 


Hints on Silvering Glass. pp. 206-207. F.E. J. Ockenden 
Simple High-Vacuum Release Valve. p. 208. 
R. Jackson and A. G. Quarreil 


New Instruments and Tools: 


Heterodyne Frequency-Meter and Calibrator, p. 208. 
Sensitive Differential Galvanometer. p. 210. 
Viscosimeter. p. 210. 

Optical Wood Gauging Instrument. p. 210. 


Nature 
Voi. 141, No. 3578, May 28, 1938. 
Photographic Measurements of the Great Aurora of 
January 25-26, 1938. pp. 955-957. Carl Stormer 
Letters to the Editor: 
Nitrogen and Argon in the Earth’s Crust. p. 970. 
Lord Rayleigh 
Absorption Bands and Electron Transitions in Coloured 
Fluorites. p. 970. K. Przibram 
Velocity of Sound in Liquid Helium. p. 970. E. F. Burton 
Absorption of Group A Neutrons in Silver. p. 971. 
Hugh Paxton 


Fine Structure of the Yield-Curve of the Transmutation 
of Aluminium. p. 972. A. Szalay 


Viscosity of Monomolecular Films. p. 974. 
D. G. Dervichian and M. Joly 
Direct Evidence for the N.H* Ion in the Discharge 
Reaction between N» and He. p. 975. G. C. Eltenton 


Connexion between Electromagnetic and Neutrino 
Fields. p. 976. A. Sokolow; M. H. L. Pryce 


Binocular Illusion. p. 977. R. S. Creed 


Ounce Molecular Weight of a Gas. p. 977. 
James Strachan; H. V. Thompson 


VoL. 141, No. 3579, JUNE 4, 1938. 
Letters to the Editor: 
Method of Investigating Electron-Inertia Effects in 


Thermionic Tubes. p. 1009. 
S. Kownacki and J. A. Ratcliffe 


Electron Multiplier as an Electron Counting Device. p. 
1011. Z. Bay 


Rectifying Properties of Crystals. p. 1011. Romolo Deaglio 


Formation of Negative lons at Surfaces. p. 1011. 
F. L. Arnot and Clark Beckett 


Specific Heat of the Alkalis. p. 1015. ZL. G. Carpenter et al. 


Effect of Manganese Coating on the Magnetic Quality 
of Iron Wire. p. 1016. T. F. Wall 


Viscosity of Air and the Electronic Charge. p. 1016. 
G. B. Banerjea and B. Pattanaik 


LITERATURE 


OF PHYSICS 


R. Schmid et al. 
Lough Pendrea 


Revision of Al I Terms. p. 1017. 
Optical Illusion. p. 1019. 


VoL. 141, No. 3580, JUNE 11, 1938. 
Letters to the Editor: 
Thermal Conductivity at Low Temperatures. p. 1053. 
W. J. de Haas 


Neutron-Electron Interaction proposed by Kikuchi. p. 
1053. G. T. Seaborg and D. C. Grahame 


Sodium in the High Atmosphere. p. 1054. 
J. Cabannes et al. 


Adsorption of Gaseous Mixtures at Solid Surfaces. p. 
1054. F. J. Wilkins 


Defect Lattices and Catalytic Activity. p. 1055. 
A. Taylor and J. Weiss 


Similarity and Dissimilarity. p. 1055. W. H. George 


Karrer’s Theory of Coupling. p. 1056. 
W. J. Hickinbottom and E. W. Lambert 


Stability of Intermetallic Compounds in the Molten 
State. p. 1059. E. Heymann and H. P. Weber 


Illusion of Convergent Beams of Light. p. 1059. 
G. Colange et al. 


Binocular Illusion. p. 1060. Ronald W. Gurney 


VoL. 141, No. 3581, JuNE 18, 1938. 
Letters to the Editor: 
Packing Fractions of Bromine, Chromium, Nickel and 
Titanium. p. 1096. F. W. Aston 
Resonance in Nuclear Photo-Effects. p. 1096. N. Bohr 


Effects of Gas Ions on the Benedicks Effects in Mercury. 
p. 1097. C. Benedicks and P. Sederholm 


Adsorption Potentials. p. 1098. S. R. Craxford et al. 
Convergent Sunbeams. p. 1102. J. E. Jackson 


Preparation of Radio-Element ,;P*? by Means of an 
Electric Field. p. 1103. J. Govaerts 


Naturwissenschaften 
VoL. 26, No. 19, May 13, 1938. 


Absolute Configuration of Optically Active Substances. 
I. pp. 289-296. 


VoL. 26, No. 20, May 20, 1938. 
Absolute Configuration of Optically Active Substances. 
Il. pp. 305-310. W. Kuhn 
Example of Brownian Motion. pp. 317-318.  M. v. Laue 


Physica 
VoL. 5, No. 6, JUNE, 1938. 


Theory of Magnetic Anisotropy of Cubic Crystal at 
Absolute Zero. pp. 465-482. W. van Peype 


Irreversible Processes at Absolute Zero. pp. 483-485. 
C. Gorter 


Paramagnetic Dispersion with Different Orientations 
between High Frequency Field and Constant Field. 
pp. 486-488. P. Teunissen and C. Gorter 


Polarization of Resonance Radiation of Molecular 
Sodium. pp. 489-494. P. Pringsheim 


Conduction of Heat in Crystals. pp. 495-500. H. Casimir 
Paramagnetic Relaxation in Iron Ammonium Alum at 
Low Temperatures. pp. 501-506. 
W. de Haas and F. du Pré 
Thermodynamic Interpretation of Paramagnetic Re- 


laxation Phenomena. pp. 507-511. 
H. Casimir and F. du Pré 
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EN) GIN | potentiometer 


A high-grade, general-purpose laboratory po- 
tentiometer with 3 ranges: 1.6, .16 and .016 volts. 
Extremely accurate and convenient. Used in lead- 
ing standardizing laboratories. 


Described in Bulletin No. 270 which also 
lists Rubicon portable potentiometers. 


HYDRON Metallic Bellows are used as control elements in tempera- 

devices, or gas Other products: standards of resistance, in- 
. spec in the design and production Wh 
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OPTICAL LITHIUM FLUORIDE 


TYPE B POTENTIOMETER 


The growing of a single crystal of Lithium Fluoride to a 
predetermined size makes available a new and improved 
optical material superior to Fluorite (CaF,). It sacrifices 
none of the advantages of the latter and in addition has a 
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Price of reprinted edition, per copy $1.75 
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Part B. Nuclear Dynamics, Theoretical by H. A. Berne. 176 journal pages (264 book pages). 
April, 1937 issue. Price per copy $1.20 

Part C. Nuclear Dynamics, Experimental by M.S. Livincston anp H. A. Betue. 146 pages (230 
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As their titles indicate these three timely reviews cover every aspect of what is today known about the nuclei of atoms. Ina 
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but critical manner the information contained in thousands of nuclear research papers written during the past few years. 
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tion as follows: 
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American Institute of Physics 
175 Fifth Avenue, New York, New York 
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PROTECTIVE AND MEASURING DEVICES 


IRC Type MV Resistors with the famous Metallized type resistance 
element in a unique spiral formation and incorporating the follow- 
ing characteristics are now available for high voltage uses: 
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and 10% available at ex- 
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MVO| 50 W.| .1 Meg.| 2,500 Meg.| tan’ of 
MVR/150 W.|100,000|18 1/2”, 2” .35 Meg.|10,000 Meg. 


IRC Type MV High Voltage Resistors will stand as high as 


50% voltage overload without breakdown. Resistance values = 
maintained to +5% in general applications. If mounted in 130 
ceresin wax, this change may be decreased to as low as + 2%. sie 4 

2100 
Temperature Coefficient .02%/°C. to .05%/°C. it~ 
Complete descriptive catalog available upon request. IRC Re- H = 
sistance Engineers will gladly cooperate on problems requiring 240 
standard or special units for continuous or surge applications. . 
10 

20 2% 30 35 

Current in Microamperes 


Calibration curve for two 2,000- 
megohm, 50-kv. resistors con- 
nected in series for measure- 


INTERNATIONAL RESISTANCE COMPANY 
419 North Broad St., Philadelphia, Penna. 


Type MVO 


ment of voltages up to 150 kv. 
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Ultra-Violet 
Sensitive 
Plates 


Tae above four pairs of photographs of the 
ultra-violet spectrum of a high-voltage iron spark 
were made on Eastman Spectroscopic Plates, 
Type I-O. The plates were coated with Eastman 
Ultra-Violet Sensitizer and exposures made for 
the lower photographs of each pair. Then the 
sensitizer was removed from the same plates 
and exposures made for the upper photographs. 


The exposure for each successive pair was in- 
creased by the power of two. 

This demonstrates the greatly increased sen- 
sitivity to the ultra-violet of plates treated with 
Ultra-Violet Sensitizer. For full information 
about Eastman Spectroscopic Plates, write for 
the free booklet, Photographic Plates for Use in 
Spectroscopy and Astronomy—Third Edition. 


EASTMAN KODAK COMPANY, Research Laboratories, Rochester, N. Y. 
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McGraw-Hitt Book Co., Ine. 


POLARIZING INSTRUMENT COMPANY .............. li 


Polaroid Desk Lamp. Polarizing Microscope Attach- 
ment, Polarizing Projection Equipment. Polaroid Film. 


RCA Co., INc. ........... 


RCA Oscillators and Oscillographs, RCA Test Equip- 
ment, RCA Ultra-Sensitive DC Meter. 


Galvanometers, electrometers, potentiometers, Wheatstone 
and Kelvin bridges, resistance boxes, hydrogen ion and 
conductivity apparatus. 


WEsTON ELeEctTRICAL INSTRUMENT Co. ........... vi 


Industrial temperature gauges, photographic exposure 
meters, electrical measurement instruments. 


S. S. Denrat Mire. Co. XV 
Resistors, 1000 ohms to 1,000,000 megohms. 


POSITION WANTED 


PHYSICIST, eight years industrial research experience in 
the design and development of electronic tubes. Box M34, 
Room 1502, 175 Fifth Ave., New York, N. Y 


data book 


COMPLETE HYDRON Metallic Bellows are used as control elements 
ENGINEER’S ic for 
liquid or gas seals of compressors and pumps. We are 

DATA BOOK specialists in the design and production of complete 
CONTAINING _ thermostatic and pressure controls. We are, there- 
fore, prepared to extend the fullest co-operation to 

44 PACES 1S NOW engineering departments of control manufacturers in 


AVAILABLE the solution of design and engineering problems. 


CLIFFORD MANUFACTURING CO. 


BOSTON CHICAGO DETROIT LOS ANGELES 


PRODUCERS OF BELLOWS EXCLUSIVELY 
SERVING AUTOMATIC CONTROL MANUFACTURERS 
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ONE-TENTH VOLT TO 150 VOLTS 


HAT’S the enormous range covered by the General Radio Type 

726-A Vacuum-Tube Voltmeter, with an accuracy of 2) of 
full-scale. The frequency error is less than 1°% between 20 cycles 
and 50 megacycles, and only 3% at 100 Me. The meter scale, with 
an effective length of fourteen inches, is essentially linear. Cali- 
bration of the meter is substantially independent of tube character- 
istics. Type 726-A Vacuum-Tube Voltmeter . . . . . $165.00 


@ Write for Bulletin 336 


GENERAL RADIO COMPANY 


Cambridge, Massachusetts 
BRANCHES: New York e Los Angeles 


ANUFACTURERS OF PRECISION ELECTRICAL LABORATORY 


20 CYCLES TO 100.000.0000 CYCLES 
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For Studies on the Relationships m\ = 6 sin iand m\ = (sin i+ sin 0). 


CENCO ROWLAND-MOUNTING CONCAVE-GRATING 


SPECTROMETER 


(mae 


87010 
Schematic Diagram of 87010 


HE Cenco Grating Spectrometer comprises a substantial base, with two mutually 

perpendicular ways on which the grating mount and the eyepiece slide, as in the 
usual Rowland arrangement. The grating mount and eyepiece are relatively fixed in 
position, by means of a bar of variable length, which permits adjusting the distance 
to the focal length of the grating which, according to the definition for concave gratings, 
is also the radius of the spherical reflecting surface of the grating. The scale reading 
at any setting of the eyepiece, divided by the distance from the grating to the cross- 
hairs, is the sine of the angle (, which appears in the simplified formula. Associated 
with the tie-bar between grating and eyepiece is a link arrangement which, at any par- 
ticular setting—say normal at \4800 in the second order—enables the student to swing 
the eyepiece along the Rowland circle and examine the entire spectrum. The eyepiece 
is kept pointing automatically at the center of the grating. An engine-divided circular 
scale gives him the value of @ for any angular setting. A locking device permits use of 
the eyepiece in the normal position only if this is desired, as in studying the simple 
formula first given. In this case a setting may be made on any particular line, say 
5461 of mercury, in each of the three orders, and the linear scale reading obtained. 
By making settings on two lines of known wave length in each of the three orders, 
straight-line calibration curves may be drawn in cross-section paper from which any 
wave length may be immediately ascertained in terms of the linear scale. Likewise 
three linear graphs in terms of degrees on the circular are may be constructed. The 
accuracy of measurement in the second order is +2 Angstrom units. With selected 
grating and mask Each $135.00 
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